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HISTORY OF CANADIAN SURGERY
DR. JOHN MACKIESON (1795-1885)
Strangulated Hernia in the Early 19th Century
R. G. L EA , M.D.,® Charlottetown, P.E.l.
O n T u esd a y , June 10, 1834, the following
item appeared in the Royal Gazette, pub
lished in Charlottetown, P .E .l.: “On Thurs
day, the 29th of May, Mr. Robert McKay
of St. Peter’s Bay, having been suddenly
attacked with Strangulated Hernia, under
went the important operation for that peril
ous accident, which was performed by Mr.
Mackieson — it consisted in bringing into
view, by means of an incision, the incarcer
ated portion of the intestines, removing the
constriction with the knife, and afterwards
returning them to their proper situation in
the abdomen. This is the third instance in
which the above operation has been per
formed in the Island, and by the same op
erator. Mr. McKay is recovering rapidly.”
Again, on June 19, 1868, this item appeared
in The Islander: “On Thursday, the 11th
instant, Mr. Joseph Acorn, miller, GlenStewart, having overtaxed himself in ele
vating a saw log, unfortunately, received
the injury known as strangulated inguinal
hernia. By six o’clock the next morning, he
sent for Mr. Mackieson, operative surgeon,
who found it necessary to operate immed
iately in order to rescue him from his peril
ous condition . . . It is now over forty years
since the same operator performed a simi
lar cure on an individual still living in the
City, which was then done for the first time
in this Province; and the present case is the
seventh instance of the kind since that peri
od, in which he has been called to avert
impending death. The operation, though
sometimes performed in large hospitals, de
mands no trivial acquaintance with surgi
cal anatomy, as a slight deviation of less
than half an inch would inevitably induce
most fatal consequences. We understand
Mr. Acorn is going on favourably.”
In the same manner that newspapers of
today bring to public attention accounts of

“The Polyclinic, 170-172 Fitzroy St., Charlotte
town, P .E .l.

great surgical triumphs and pay tribute
to those master surgeons who perform
them, so too did the newspapers of 100
years ago and more, report on the surgical
achievements of the day, and laud the man
who performed them. As these clippings
indicate, the man who could relieve the
agony of a strangulated hernia was re
garded with much the same awe and re
spect as is today afforded those who
perform the miracles of modern surgery.
What was there about a strangulated
hernia that made its relief an item of such
importance as to merit this attention? The
operation for its relief is one that has been
performed countless times and is today
considered a matter of routine by surgeons.
The answer may be found by recalling the
life of a pioneer, isolated perhaps in some
remote community, whose days were those
of toil and hardship which made him prone
to the development of this disaster with its
inevitable threat to his very existence. His
life was one of hard work, lifting, pushing,
heaving and pulling, as he went about his
work of clearing his land, and sowing and
harvesting his crops. It is little wonder that
the development of hernias was a relatively
common occurrence and one can well
imagine the magnitude of the disaster that
confronted the pioneer when he found that
he had a hernia that he could not reduce
himself. Without medical aid the inevitable
end-result was but a matter of time and
unfortunately, in our pioneer society, medi
cal aid of any kind, and particularly
medical aid capable of dealing with an
emergency of this nature, was not readily
available. Few of the doctors in practice
in the colonies had settled in rural areas,
and of these, few indeed would have had
the skill, courage or determination to tackle
a strangulated hernia. One of those who
did possess these necessary qualities was
John Mackieson, a study of whose records
reveal that he richly deserved the public
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acclaim accorded him by these newspaper
accounts. The fact that these operations
were performed before the development of
anesthesia makes the achievement of Dr.
Mackieson and others like him all the
more notable.
John Mackieson was a remarkable man.
His skills and attributes would have en
sured him a place of honour and respect
among his confreres in any age in which
he might have practised. Skilful and re
sourceful, he was proficient in all aspects
of practice, medicine, surgery and obstet
rics, judged by the standards of his day.
Treatment then was energetic, if not to say
violent, and for every problem that pre
sented itself he was ready with some active
form of therapy. This was the high noon of
the days of medicine when bleeding and
purging were the foremost agents in thera
peutics. The application of clysters, blist
ers and sinapisms was considered a vital
part of treatment for many conditions and
much of a doctor’s reputation rested on
his ingenuity in their use. Bleeding was
resorted to in a high proportion of cases,
and careful note was taken of how the
patient reacted to the procedure. The com
ment, “He exhibited only slight faintness”,
or “He withstood the bleeding well”, is fre
quently made. Careful note was also taken
of the condition of the blood, and a com
ment was made that it was “cupped” or
“buffed”. Great prognostic significance was
attached to those observations. The state
of the bowels was a matter of great con
cern in practically every case, and heroic
efforts were made to ensure rapid and
copious evacuations. It would appear that
a strong constitution was needed to with
stand the effects of treatment. While later
knowledge completely discredits much of
this therapy, in the light of then current
medical standards, John Mackieson was a
good and successful doctor.
He was bom in Scotland in 1795 and
graduated in medicine from the Medical
and Surgical Pharmacy of Glasgow in 1815.
Six years of dispensary practice in Liver
pool followed before he came to Charlotte
town in 1821. Here he remained and car
ried on an extensive practice from which
he retired only a short while before his
death in 1885, at the age of 90. Among his
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many professional duties, he was superin
tendent of the local insane asylum (Fig. 1)
for several years after its founding in 1840.
Dr. Mackieson was unique in his day,
and perhaps in any age of medicine, in that
he kept the most meticulous and precise
records of his cases. These are of interest
in that they provide an intimate day-by-day
account of the life of a pioneer doctor. A
study of his case reports and of the applica
tion of the then current medical theories to
his practice makes the medical texts of that
day, which are now museum pieces, come
alive. From such a study we gain greater
insight into the problems and methods of
our medical forefathers, and as our knowl
edge of them and of their work increases,
so too does our respect for their contribu
tions to the advancement of medicine.
In 1826 he began to record accounts of
cases of interest in a book which he entitled
“Sketches of Medical and Surgical Cases,
Exhibiting a Concise View of the Charac
ters, Causes, Symptoms, Morbid Appear
ances and Method of Treatment Adopted
in the More Important Cases of Disease,
with Notes and Practical Remarks”. In the
frontispiece he has inscribed the following
statement of principle, “I believe that
knowledge of the correct history of disease,
and of the most effectual method of remov
ing it would be best attained by entering
down at the bed-side of the sick a summary
of the rise, progress, and issue of maladies
which come under my notice by marking
with care the changes which take place,
the medical means prescribed, the effect
produced by the prescription, so far as it
was discernible, and by adding as often as
leave was obtained to open the dead body,
remark on the traces left in organic struc
tures by the form of action which the dis
ease constitutionally or casually affected.”
He attributes this statement to a Dr.
Jackson whom he does not further identify.
His records make it obvious that this prin
ciple was the guiding star of his long pro
fessional career, and that he succeeded in
the highest degree in living up to the
philosophy here enunciated. This statement
of principle could well serve those embark
ing on the practice of clinical medicine in
any day or age.
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P u b lic A rch iv e s o f C a n a d a

Fig. 1,—Falconwood Lunatic Asylum, near Charlottetown, P.E.I. (From Canadian Illustrated
News, March 23, 1878, p. 180.)

His “Sketches” contain a detailed ac
count of eight cases of strangulated hernia
that he attended. All of the patients were
treated before the advent of anesthesia,
and at no time does he mention any m ea
sures to ease or prevent pain. How these
cases occurred, how he was called and
reached the bedside of the patient, what he
thought and said, how he dealt with each
and what the outcome was, are all set
down just as it happened almost 150 years
ago.
“ C a se 1.—Memorandum of an operation of
Strangulated Inguinal Hernia, June 22, 1826.
This occurred in an elderly man who was
Second Mate in a timbership in Charlotte
town Harbour who had strained himself on
lowering a piece of timber in the hold and
now laboured under strangulated inguinal her
nia. Immediately on his being carried ashore,
I attempted reduction three different times by
the usual method and with cold applications
but without effect. I then administered a dose
of castor oil which was rejected by the stom
ach in less than an hour, the belly remaining
obstinately bound. I then gave 12 grains of

Calomel but with no better effect. June 23,
called in Dr. de St. Croix. As the symptoms
were moderate and the pulse did not exceed
100, he deferred the operation until the next
day. Tenderness and pain in the belly a little
easier. Took an Anodyne draught. June 24, ad
ministered an injection which came away
immediately, took two Opiate pills. June 25,
operated at 8 a.m. and reduced the bowels,
and closed the incision with the interrupted
sutures and adhesive straps with soft com
presses over them. Distressing symptoms
much relieved, hiccuping gone, and felt easy
but much weakened for want of sleep and
nourishment, but everything was vomited as
soon as taken, drinks especially. June 26, took
an Anodyne draught which seemed to give
relief but gets weaker every hour. 27th of June,
died this morning quite exhausted.
Remarks-. Had I operated on this subject
when I was first called in, I have not the
slightest doubt that he might have lived and
done well, as the operation, though my first
for Hernia, was adroitly performed and little
might have been dreaded from the inflamma
tion as he seemed to sink more from ex
haustion and inanition than from any other
cause.
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C ase 2. — May 26, 1834. Robert McKay,
Age 40, of St. Peter’s, subject to a small in
guinal hernia which he could always easily
reduce himself, being engaged in carting and
piling manure, had used rather more exertion
than usual and felt an additional portion of
the gut protrude. He tried to reduce it by the
usual means, which proved ineffectual and he
was advised to take to his bed. This happened
on the afternoon of Monday about 4. Shortly
after the accident, he had a fit of retching and
sickness which was not repeated but nothing
had passed through his bowels since the acci
dent. I arrived late on Wednesday night a
distance of thirty miles and found him rather
uneasy from pain about the umbilicus. No
headache, considerable thirst. Skin cool, no
vomiting, had had no sleep. Pulse 80. A taxis
had been attempted by Mr. Jardine, a Surgeon
in the neighbourhood, with enemas of Infus.
N icotianae and he had been bled without any
apparent benefit. To relieve his thirst, I or
dered him frequent effervescent draughts of
soda while I attempted a reduction by the
hand but could effect nothing, the stricture
was so tight, though I elevated his heels over
an inverted chair and bent the thigh to an
acute angle with the body. As the symptoms
were not very urgent, I wished to delay the
operation till daybreak but the patient becom
ing very uneasy about 3 a.m. on Thursday, I
was obliged to operate by candlelight. The
patient’s brother was my only assistant. The
bowels had been down for 59 hours. The her
nia was in the right groin and comes down
alongside of the scrotum, size about as large
as the fist. I commenced the incision about
half an inch above the neck of the tumour
and continued it downwards to within an inch
of the bottom of the scrotum, dividing in the
first place the skin and fat with the external
pudendal artery which I tied. It was situated
just over the neck of the tumour and was
small. In the second film was the tendinous
aponeurosis of the external oblique muscle,
then the membranous sheath of the cremaster
thus exposing the spermatic cord and finding
the sac of the peritoneum. When this last was
punctured a considerable quantity of discol
oured serum slightly tinged with blood es
caped and I became alarmed lest I had punc
tured the intestine but the fluid having
escaped, the sac became puckered and showed
the intestine in two large convolutions within,
in length about six inches. Into this puncture
of the sac, I introduced a director and ran a
straight bistoury along it quite up to the ring.
When I could feel the stricture it was very
tight so that I could not as yet introduce the
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protruded portion without dividing a number
of the fibres of the ring, till I could with diffi
culty introduce the tip of my little finger. This
I enlarged with the crooked bistoury and
stuffed in the intestine piece by piece elevat
ing his breech and thighs as before. The in
testine was all over a dark chocolate colour
and shining like brown dulse. The wound was
stitched with the interrupted sutures and
Plast. adhesive, over which I put a soft com
press of wool and a spring truss. Pulse 76 and
good spirits. Had two stools within three hours
after the operation.
C ase 3 .—O peration for B u bon ocele or Stran
gulated H ernia.— Mr. Ralph Thompson, Age
40, a merchant in Charlottetown, requested
my attendance on January 18, 1827, at three
o’clock in the morning. He was a stout man
in a state of excellent general health but was
supposed at present to be labouring under a
fit of colic. He received an injection with a
syringe containing a solution of Sulph. M ag
nesia and 01. Olive which operated immediate
ly with effect, also an antispasmodic draught of
A ether Sulphuricus and T inct. Opii from which
he seemed to obtain considerable relief with
abatement of the pain. On returning at 8 a.m.,
I found he had experienced a relapse of the
pain with restlessness and vomiting of a thin,
yellowish bilious matter exceedingly offensive
to the smell, with increased headache and
general soreness over the abdomen. I was
now informed for the first time that he had
been subject to a slight protrusion in the right
groin for which he had lately been wearing
a truss, but being called up suddenly the night
previous and having incautiously used some
exertion without this guard being applied, (it)
had protruded farther than usual and could
not, as before, be returned. On examination
with the hand, this was found to be the case,
and I accordingly attempted reduction, hav
ing previously repeated the injection which
was returned without any benefit. The patient
being in bed, his right shoulder was elevated
with clothes and thrown forward toward the
left side while his right leg was half bent
upon his thigh and rotated inward to relax
the external oblique muscle, femoral fascia,
etc., to facilitate the dilation of the abdominal
ring. Attempting the taxis, the manual pres
sure was directed upward and outward in the
direction of the ring and a small portion was
reduced with a gurgling sound which returned
as oft as the pressure was removed without
any visible diminution in the general size of
the tumour. It was attempted four or five dif
ferent times, two hours intervening betwixt
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each effort which was continued for the space
of five minutes at a time without any advan
tage. During which intervals, he was bled to
the extent of 20 ounces, made use of the
slipper bath for 25 minutes, had pounded ice
applied to the tumour in a bladder for the
space of an hour whilst injections of lnfus.
N icotianae (made with one ounce to a lb. of
water) were thrown off the rectum without
affording any advantage or producing a single
ejection.
The operation then appeared to be the only
alternative. The hair of the pubis on the right
side of the scrotum being shaved with the
razor, I commenced the incision about an inch
above the neck of the tumour and midway in
the lateral space situated betwixt the crest of
the pubis and the groove formed by the groin.
Entering the same by one continuous sweep
of the knife to within an inch of the most de
pendent part of the swelling, dissecting the
skin and fat contained in the cellular substance
with the external pudendal artery and two of
its smaller branches which I successfully took
up and were secured by an assistant; this
incision brought into view the fascia of the
external oblique muscle which was raised with
a pair of dissecting forceps, into which a small
opening was made sufficient to admit a direc
tor upon which a straight bistoury was run as
far as the head of the first incision and down
ward to its termination. This next exposed the
cremaster muscle which was laid open exactly
in a similar manner. The sac itself was now
brought into view having its surface covered
with thin layers of cellular substance of a
webbed appearance to which it adhered firm
ly. The sac being raised with the forceps an
opening was made into its dependent part. A
director was introduced with a straight bis
toury with which the sac was divided to
within an inch of the ring and downward as
far as the external incision. The intestine ap
peared of a dark, red colour but free from
livid spots. A single twist or convolution was
all that had protruded which I attempted to
return but the aperture of the ring was so
contracted as scarce to admit the tip of the
little finger. After causing acute pain, I suc
ceeded in introducing the little finger and re
taining it as a director, passed along its front
a curved probe-pointed bistoury and divided
the internal portion of the neck of the sac and
a few of the fibres of the abdominal ring
directly upward and to such extent only as
to admit the finger with ease.
The intestine being returned, on introduc
ing the finger the epigastric artery was felt
apparently of the size of a goose quill, throb
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bing strongly within the external margin of
the ring, that is, on the side next to the cresta
ilii.
The wound, consisting of about three inches
and a half in length, was brought together and
secured at three or four places by the inter
rupted sutures and the edges kept in perfect
apposition by strips of adhesive plaster which
closed in the course of four days after by the
first intention, the ends of the ligatures being
left out and the wound dressed with a com
press and the plaster bandage. A week after
the operation he was able to walk about as
usual, yet never after without the precaution
of using a truss.
C ase 4 . — O peration fo r Strangulated H ernia
1836.— Mrs. Thomas Hardy of Little York,
Age 66, of a thin habit and much reduced
with hard labouring, had a small tumour in
the left groin for 20 years about the size of a
pullet’s egg which caused her little uneasiness
but it never was reduced. On Saturday, the
22nd of October, 1836, having strained herself
a good deal in assisting to raise an ox, she felt
the tumour suddenly become painful, tense,
and somewhat enlarged. This was shortly fol
lowed by pain across the pit of the stomach
with occasional retchings, dryness of the
mouth, and constipation. This state of things
continued until Wednesday, the 25th, without
any alleviation. I was requested to visit her.
Swelling in the left groin is about the size of
a large hen’s egg and very tense and she com
plained of pain when handled. I tried
reduction by the taxis, elevating the breech
over an inverted chair and placing her head
low in bed. By these means in the course of
20 minutes, I reduced it to the size of a large
nutmeg and it felt quite soft and she felt
easier for a short time but tumour returned
and with it the pain and restlessness. I stated
to the patient and her friends the true nature
of the case, that she could not expect relief
without an operation and that though the
bowels had not yet suffered from obstruction
of their circulation, yet so long as their con
tents were mechanically obstructed, I could
hold out to her no method of assisting her to
health without an operation. To this, she ob
jected that the tumour in her side had been
of twenty years’ standing and it had occa
sioned her no uneasiness and that all the pain
she now suffered seem to proceed from the
stomach and if possible would thank me for
any palliative that might give her a little ease.
Remonstrating on the illusiveness of such
hopes, I administered first a purgative enema
which brought away an evacuation of hard
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faeces. On Saturday, the 29th at 4 p.m., I
visited her as I was told she had made up her
mind to undergo the operation. Being for a
whole week deprived of nourishment, the
bowels impacted, at her advanced age and
with the rapid pulse indicating the commence
ment of inflammation under such odds hoping
there might still remain a chance I commenced
the operation. After the operation, she felt re
lief. Had no return of the vomiting, and after
an enema had a stool. Pulse 120. She contin
ued free of pain all Sunday but I was told ap
peared flushed and feverish. Took her nourish
ment freely, and retained it, and it was not
until Monday evening when I received a
messenger stating that her strength was rapid
ly failing, she had suffered from excessive
purging which still continued unabated and
was prostrating her fast. I saw her at five p.m.,
her pulse was 130, weak and thready. Coun
tenance flushed, face and brow beaded with
perspiration. Tumour of abdomen had totally
fallen and was now concave and empty; pass
ing everything involuntarily. Skin cold, mouth
dry, took a little sago jelly and a dose of chalk
mixture with Tinct. Laudanum , strength sink
ing rapidly. Died that night at 12 p.m.
C a se 5.— Inguinal Hernia, D ecem ber 4,
1836.— Mr. Shadwell, Sr., St. Peter’s Road,
Age 68, of a rather spare habit, had been
subject to a small tumour about the size of
a pigeon’s egg in the right groin which never
caused him uneasiness till this morning when
he arose out of bed when an uneasy pain
attacked him in the seat of the tumour accom
panied by frequent retching. Scarce aware of
the nature of the malady, he took an ounce of
Epsom salts with a little rhubarb which he
rejected shortly afterwards and when the vom
iting was repeated at frequent intervals which
made him anxious and he sent for me about
4 p.m. I saw him at 5 p.m. He was sitting
by the fire, but did not appear to be in very
muph pain. I ordered him to bed, then in
verted a chair, and elevated his hams over
the back with his head low on the bed. In
that situation he was retained by a stout man
standing at his feet and holding his thighs. I
made him cross his right leg over the left
knee and bend it a little up, the hernia was on
the right side. I then caught the neck of the
hernia with my left thumb, middle and fore
fingers and made gentle but constant pressure
with the right. In the course of half a minute,
the tumour first became sensibly smaller then
gently rumbled and suddenly disappeared
through the abdominal ring. As soon as the
reduction was effected, he felt perfectly re
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lieved and never vomited after. All that I
deemed necessary to administer was a dose of
Seidlitz to settle his stomach and remove the
thirst and dryness of his mouth. As soon as
the inguinal tumour was reduced, I fitted a
plain spring steel truss with the pad over the
abdominal ring, with strict instructions to wear
it afterwards constantly.
In reducing this case, I considered that the
facility of the reduction was in a great measure
attributable to the position of the patient and
the short peripd that had elapsed since the ac
cident happened.
C a se 6 . — O peration for E xom phalos (Um
b ilical H ernia).— On Thursday morning early
the 21st of February, 1837, Mr. Crisp, a Malterer, Age 48, was attacked with all the symp
toms of strangulated hernia. Being out of the
way when he was first attacked, Dr. de St.
Croix was called in, who attempted reduction
by the usual methods, by the hand, by pres
sure with a plate, by enemas, castor oil com
bined with croton oil, etc. which yielded no
relief, at last he gave Calomel pills, as he
observed, to tranquilize the stomach!! and
moderate the vomiting. The symptoms con
tinued thus pretty uniform until the morning
of Thursday when he became worse and his
medical attendant observed as it was all over
with the poor fellow, they would send for
Mackieson. I found him in bed and vomiting
frequently a thin watery fluid mixed with bile.
Pulse 105, quick and small, great thirst, sore
ness at the umbilicus over which there was
situated a large tumour the size of two men’s
fists containing the hernia. I attempted reduc
tion by the hand by elevating his breech, etc.,
cataplasms of snow to the tumour accom
panied with pressure but all to no purpose.
Several enemas were repeated with equal
effect. I then proposed the operation, not with
standing the extreme danger of it in general
and I might add the desperate symptoms of
the present case as it was but too evident that
inflammation of the bowel had made some
progress. The patient was resigned and will
ing to submit but strange to relate the doctor
had yet to make up his mind fruitlessly trust
ing to better symptoms and favourable results
as in former attacks for he had attended over
him before, and it was not until ten p.m. that
night after using the tedious operation of the
slipper bath that I could obtain his consent.
Soon after the operation he vomited and ob
tained no relief either by stool or from pain.
This was a bad omen and he continued bound
in the bowels with frequent vomiting until
eleven o’clock the following evening, about 21
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hours after the operation, I gave two enemas
but they did not operate with relief until short
ly before his death when he felt easy and had
three stools.
C a se 7 . — O peration for F em oral Hernia,
1850, Friday, M arch 1st.— Mrs. Robert San
derson, Widow, Age 62, on rising from her
bed this morning was attacked with symptoms
of strangulated femoral hernia. She vomited
all her food and the bowel remained obstin
ately costive. She was attended by Mr. Jardine, a Surgeon in the neighbourhood who
could afford her no effect or relief and recom
mended her friends to send for me to perform
the operation. At ten at night the same day of
the attack, I arrived at her house and found
her still vomiting with anxious countenance,
pulse 80, but the skin was not hot nor did
she appear feverish. I discovered a small tu
mour at the top of the right thigh which I
tried to reduce. After a few minutes’ trial, I
found the size of the tumour became consid
erably smaller and softer from the evacuation
of the contents but I could reduce it no fur
ther. Mr. Jardine had previously tried the
taxis, a tobacco clyster and warm bath with no
beneficial effect. Of course, there was but one
alternative, viz.: the operation. The hernia
was situated in the right thigh. I commenced
a perpendicular incision over the neck of the
tumour just over the ligament of Poupart by
pinching up a fold of the integument with
one finger and cutting down upon it with a
scalpel, keeping as close as possible to the
pubis, the femoral vessels being on the outside.
By this incision, I divided the skin and cellu
lar tissues, the superficial fascia, secondly, the
fascia propria, the sheath of the femoral ves
sels and thirdly, the sac of peritoneum closely
investing the protruded bowel which was a
portion of the small intestine. I introduced a
grooved director into the upper angle of the
wound and ran a small curved, blunt-pointed
bistoury along it quite up to the stricture
caused by the ligament. Having thus exposed
the peritoneal sac and by pinching up a small
fold of that membrane, I made a small opening
with a scalpel, introduced the director, and
slid it up as before with the bistoury, guided
by it until it arrived close to the stricture. I
then introduced the little finger, felt for the
stricture which was exceedingly tight and feel
ing a few thin fibres near the outlet divided
them by raising the handle of the bistoury
without any difficulty. I again cautiously intro
duced the little finger as far as I could pene
trate within the canal to discover the pulsa
tion of any arteries such as the epigastric or
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obturator but found none. I then cautiously
extended the incision with the director and
bistoury the whole length of the canal so that
after the bowels were reduced, I could intro
duce the ring finger into the cavity of the
abdomen. At first, the stricture was so tight
that I could scarcely introduce the director.
The constricted bowel appeared normal ex
cept in one link which appeared of a brown
chocolate colour and this apparently was the
cause of future mischief for although the pulse
fell immediately after the operation, the rate
to 60 a minute, the vomiting shortly after
wards returned and although large enemata
brought away two copious stools and the cro
ton oil was given in five-drop doses combined
with castor oil and turpentine and Calomel,
still no decisive amendment was effected. I
stopped with her until Monday morning at
ten a.m. when I left her very ill with pinched
features and a scarcely perceptible pulse, beat
ing about a hundred in the minute and vomit
ing everything, strongly tinged with bile and
smelling like faeces. She died on Wednesday at
2 a.m. P.S. The wound was closed with three
sutures in the skin and strips of adhesive
plaster with a compress over it and a bandage.
N o te: In operating for strangulated femoral
hernia, it is of the utmost consequence to raise
up the sac of the peritoneum which sometimes
invest the bowels very closely, introduce the
director and open it over a narrow bistoury up
to the strictures which stricture itself must also
be completely cut open so as to liberate the
bowels before they are returned into the ab
domen.
C a se 8 . — Strangulated H ernia, F ebru ary 8,
1857.— John Burns, Age 60, an Irish labourer,
had been subject to chronic pains for the
last two months, now complained of costive
ness and finds that no medicine he has taken
will operate in his bowels. He has tried croton
oil, castor oil, salts and injections to no pur
pose. He lives at a distance of ten miles and
sent for me today to attend him. I found him
in bed, pulse 80. Skin cool, no tenseness in
the abdomen but he is troubled with vomiting
and hiccups and foetid eructions with great
thirst and constantly calls for cold water to
drink. I happened to enquire if he was sub
ject to rupture or had any tumour in his groin
when he immediately acknowledged that he
had, in his right groin and which I discovered
to be the size of a hen’s egg. I reduced it by
the taxis in ten minutes, gave him a strong
purgative enema of salts, turpentine and table
salts dissolved in a glass of warm water. This
he retained for only a few minutes which
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brought away only a small indurated ball of
faeces. I then gave him croton oil drops two
in sugar and ten grains of Calomel mixed in
molasses at the same time and left some black
draught and powder of Calomel and talop to
keep a free state of his bowels, with orders to
procure a truss without delay. When I left
him, I also repeated the injection and a purga
tive medicine which operated in about two
hours. I subsequently understood that he died
on the night of the 11th when the temperature
was 24 below zero, probably from sheer ex
haustion as he had been too long affected
before medical advice was obtained for his
bowels continued to act freely and the vomit
ing had never returned after I left him.”
Statistically, the results of Dr. Mackieson’s surgery do not appear impressive by
our standards for he operated on six cases
of strangulated hernia, of whom four sub
sequently died. Of the two that he man
aged to reduce without operating, one
died. These results, however, do not tell
the whole story. It is apparent that opera
tion was resorted to only in the most ex
treme circumstances, and was consented to
in many instances only after any chance
of saving the patient’s life had long since
gone. Further tipping the scales against
any chance of success was the debilitating
effect of all the purging and bleeding and
of all the other measures resorted to in an
attempt to avoid the necessity of operating.
Added to this was the shock that must have
resulted from an operation of this magni
tude performed on an unanesthetized pa
tient. In any day and age, surgery under
these handicaps would have been attended
by a very high mortality rate.
One cannot fail to be impressed by the
fullness of his clinical descriptions, and by
the excellence of his knowledge of anat
omy. His care in posturing the patient to
facilitate the reduction of the hernia could
scarcely be improved upon today. The
same, of course, cannot be said for the
auxiliary methods of treatment used both
before and after operating, and although
this was based on the practice of the fore
most authorities of his day, the only result
could have been to add further insult to an
already very ill patient.
It is apparent that Dr. Mackiescn con
sidered the sole purpose of operating to
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be the relief of the obstruction and the re
turn of the herniated parts to the abdom
inal cavity. When this was accomplished,
the skin was closed with no attempt being
made to repair the defect in any other
structures. Indeed, the patient was prob
ably left with a larger hernia than before,
and the application of a truss was an in
tegral part of the immediate postoperative
care. However, since saving the life of the
patient was the major concern, the opera
tion was considered a success when this
was achieved. When we consider all the
factors involved, we cannot do otherwise
than agree.
Not only by his clinical comments does
Dr. Mackieson shed an illuminating light
on our past, for scattered throughout all
his case reports we glimpse interesting
sidelights of pioneer life. The elderly
woman “helping at the raising of an ox”,
the miller “straining to lift a sawlog”, the
farmer “carting and piling manure”, the
seaman “piling lumber in the ship’s hold”
are all vignettes from a life that is long
past. His similes and descriptions are all
drawn from the life about him, the tumours
were as large as “a pigeon’s egg”, “a pul
let’s egg”, “a hen’s egg”, or “a large nut
meg”. “The bowel was the colour of brown
dulse”, the fluid “was the colour of port
wine”, “the artery was the size of a goose
quill”. One patient was “of thin habit much
reduced with hard labouring”, and another
was a “stout man in a state of excellent
general health”.
Dr. Mackieson was very close to the
people he served and knew well their
problems, their difficulties and their fears.
When Mrs. Hardy objected to the opera
tion “and would thank me for any pallia
tive that would give her a little ease”, he
“remonstrated on the illusiveness of such
hopes”, but did not press the issue, instead
did his best in deference to her wishes.
As his experience in practice grew and
he gained confidence in his own ability, his
attitude and his response to the challenge
presented by a strangulated hernia under
went a change which is evident in his
notes. In his first case, he remarks that
he was kept from operating when he
wanted to by the advice of an older doc
tor, and rightly attributes the unfavourable

January 1965

>

v

A

A

*■

v

4

DR. JOHN MACKIESON

9

outcome to this delay, after satisfying him
self that he “performed the operation
adroitly”. In later years he is able in his
notes to poke gentle fun at the same doctor
for failing to call him until the case was
considered hopeless, and at the same time
to direct our attention to this man’s naivety
in attempting to “tranquilize the stomach!!”
(The exclamation marks are his.) W hen he
speaks of the bowel “rumbling gently on
being returned to the abdomen”, he suc
cinctly reveals his satisfaction at success
fully completing a difficult and dangerous
task. In his later cases he appears to spend
much less time in attempting non-operative
reduction, and to display a readiness to
operate that was not apparent in his earlier
cases. From his comments it is apparent
that he has profited from the lesson
learned in earlier cases, of the dangers of
unduly deferring the operation.
Dr. Mackieson occupies no hallowed
niche in the annals of Canadian medicine.
His name is not recalled when the great
surgeons of other years are remembered.
Despite his great interest in the subject he

made no original or significant contribution
to the technique of relieving a strangu
lated hernia. His reputation rests on much
simpler grounds — the grounds that
throughout his long professional life he
used his abundant skills to bring to people
in remote communities m edical care to
equal that available in the large cities
and towns of the day. In so doing he
earned his rightful place among that great
company of Canadian doctors throughout
our history, who, by turning from the at
tractions of the great medical centres, have
ensured that medical care of the highest
order has been available throughout the
whole country. B u t not by his surgery
alone has John Mackieson earned the re
gard of succeeding generations of doctors.
He gained this by faithfully following
throughout his long life the practice
adopted as a young doctor of careful clin
ical observation and of carefully kept rec
ords. The value of this has not lessened
since Dr. Mackieson’s day, and his m eticu
lous care in this is his great legacy to us,
143 years after his arrival in this country.

NITROUS O XID E. Clinical Anesthesia Series
1 /1 9 6 4 . Edited by Douglas W . Eastwood. 156
pp. Illust. F . A. Davis Company, Philadelphia;
The Ryerson Press, Toronto, 1964. $8.75.

functions. Despite marked analgesia (which is
responsible for its continuing acceptance as
“the basic inhalation ingredient in general an
esthesia”), the use of nitrous oxide alone rarely
produces satisfactory operating conditions or
safe anesthesia, and three clinically oriented
chapters are therefore devoted to the use of
various adjuvants (narcotics, barbiturates, in
halation agents, local anesthetics and relaxants).
The most important chapter in the book is
that by E. I. Eger on the uptake, distribution
and elimination of nitrous oxide; this provides
a lucid basis for the clinical management of
induction and maintenance with nitrous oxide,
as well as emphasizing the likelihood of “diffu
sion hypoxia” on emergence from anesthesia.
This book has a good deal to offer — to the
anesthesiologist a wealth of clinical common
sense, stemming from the clarification of basic
concepts hitherto, for such a common agent,
curiously neglected, and to the surgeon, pos
sibly new understanding of the uses to which
nitrous oxide can (or cannot) reasonably be
put.

This is the fourth of a useful series of multipleauthor reviews of topics of current interest in
anesthesia.
The main subject, nitrous oxide, is well cov
ered in nine chapters, beginning with an un
usually interesting precis of the history of this
gas, and ending with a discussion on the in
dustrial uses thereof (“no laughing matter”—
the authors claim). Anyone sharing the current
interest in the prolonged use of nitrous oxide
will find the definitive chapter on its toxic
effects on the bone marrow worth studying.
The final chanter is a short but complete sur
vey of the pharmacology and clinical use of
ethvlene.
The chapter on the general pharmacology
of nitrous oxide is well presented, and under
lines the distinction between the effects of
hypoxia and those of the drug itself, which
latter are primarily restricted to the obtunda
tion of pain perception and of other cortical
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ORIGINAL ARTICLES
THE PLANE OF DISSECTION IN ENDARTERECTOMY*
HARVEY CHOCHINOV, M.D., F.R.C.S.JC] and MARTIN VAN WIJHE, M.D.,

Winnipeg, Man.

A ccording to Reboul and Laubry,1 the
plane of cleavage during endarterectomy is
in the outer layer of the media. Rob and
Downs2 contend that endarterectomy is
carried out in the inner third of the media,
but in Cannon’s opinion3 endarterectomy
properly performed removes only endo
thelium and subintimal atheroma. W ylie4
alluded to the performance of endarterec
tomy in the “natural plane”, but he did
not state what this was histologically.
In none of these articles are the asser
tions concerning the plane of cleavage sup
ported by experimental data, by pictures or
by histological sections. They were prob
ably based on the histological examination
of tissue removed at endarterectomy, when
a correlative histological study between
the tissue removed and the residual wall is
not feasible.
In an effort to resolve the apparent con
fusion between the statements made by
Reboul and Laubry,1 Rob and Downs2 and
Cannon,3 a histopathological study of post
mortem material on which “sham” endar
terectomy had been performed was under
taken. In this way, a precise correlative
study of the tissue removed and the resid
ual wall was carried out.
M aterial

and

M ethods

The material studied consisted of fresh
postmortem material from patients who
had varying stages of arteriosclerosis in
both the carotid and aortoiliac areas. Sham
endarterectomies, that is, simulated endar
terectomies carried out on fresh postmor
tem arteries in situ, were performed on
these specimens. Gross and microscopical
examinations of the material were then
carried out. This allowed for a correlative
“ From the Departments o f Surgery and Pathology,
University of Manitoba, Winnipeg, Man,
Presented at the Annual Meeting of The Royal
College of Physicians and Surgeons of Canada,
Edmonton, January 1963.

study of the tissue removed and the resid
ual wall at any one particular site. Micro
scopical sections were stained with hema
toxylin and eosin, Masson’s trichrome and
Weigert elastin stains. In all, 90 slides from
14 postmortem specimens were examined.
In addition, 40 microscopical slides from 19
endarterectomy surgical specimens were
reviewed.
R esults

1. Plane of dissection—The present study
indicates that endarterectomy may be per
formed at any plane in the media of the
vessel wall. Most frequently this plane lies
just deep to the atheroma in the superficial
layers of the media and just deep to the
internal elastic lamina (Fig. 1).
The nature, depth and extent of the dis
ease process influence the plane of dissec
tion. The thicker the atheroma, the more it
protrudes into the lumen of the vessel and
the more it compresses the media, the more
superficial will be the plane o f dissection
and the less will be the amount of media
removed with the specimen (Fig. 2).
2. Natural planes for endarterectomy.—
The present findings in transected athero
sclerotic vessels indicate that two “natural
planes” for endarterectomy are produced
by the disease process. One lies just deep
to the atheroma, whereas the other lies
deep in the media. This can be confirmed
in correlated histological sections (Fig. 3 ).
3. Changing plane of dissection.—At end
arterectomy more than one plane of dissec
tion is frequently produced in the middle
of the media. Furthermore, this change
may be a gradual one (Fig. 4).
4. Residual wall after endarterectomy.—
The residual wall after endarterectomy is
often surprisingly thin. It consists of ad
ventitia, external elastic lamina and varying
thicknesses of media.
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Fig. 1.—Cross-section of a partially endarterectomized postmortem atheroscler
otic vessel. The arrow indicates the most frequent plane of dissection with the partial
ly removed atheroma on the inside and the residual wall on the outer side of the
arrow. It will be seen that this plane lies just deep to the atheroma in the superficial
layers of the media and just deep to the internal elastic lamina (x 100).
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Fig. 2.—Cross-section of a specimen removed at surgical endarterectomy from
the site of a major atheroma. Note the advanced and thick atheroma and the minimum
of media (arrow) removed with the specimen (x 45).
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arterectomy would seem advisable to pre
vent this complication.
6. Limitation of endarterectomy .—There
is a stage in the arteriosclerotic process
which is so advanced as to make endar
terectomy inadvisable and in fact not feas
ible (Fig. 6). This is manifested by marked
periarteritis which causes firm adherence
of the arterial wall to the surrounding
structures. Endarterectomy in this situation
may result in gross perforation of the vessel
wall.
Fig. 3a.—Photograph of a transected athero
sclerotic vessel. Two natural planes for dissection
are indicated by the arrows. These have been
teased away lightly from underlying layers to
illustrate their position.

5. Edge of endarterectomy—This study
indicates that where the distal vessel wall
beyond the endarterectomy is normal
(ideal endarterectomy situation), the intima at the edge of endarterectomy is firm
ly adherent and potential peripheral dissec
tion is unlikely to be a problem (Fig. 5).
In less ideal circumstances, however, either
bevelling or suture of the edge of the end

D iscussion

Controversial statements in the literature
concerning the plane of dissection in end
arterectomy are resolved in this study be
cause it has been demonstrated that endar
terectomy may be performed at any plane
in the media. This study also confirms the
presence of “natural planes” for dissection
alluded to by Wylie.4 Furthermore, it in
dicates that two “natural planes” for dis
section exist which are manifested in trans
ected arteriosclerotic vessels. One of these
lies just deep to the atheroma, whereas the

t

s
*
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Fig. 3b.-Cross-section of a sham endarterectomy indicating the site of two
natural planes for endarterectomy (arrows). One of these lies just deep to the internal elastic lamina and the other lies deep in the media and superficial to the
external elastic lamina (x 90).
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Fig. 4.—Cross-section of a portion of intima and underlying media removed at
sham endarterectomy. Note the gradual change in plane of dissection as indicated by
the arrows (x 90).

Fig. 5.—Longitudinal section of an endarterectomized postmortem artery illus
trating the histology at the edge of endarterectomy. Note the naturally bevelled edge
and the relatively firm adherence, which would indicate that potential peripheral
dissection is unlikely (x 25).

other lies deep in the media. In many end
arterectomy situations more than one plane
of dissection is produced. Although this is
probably obvious to most vascular sur
geons, we found no reference to this phe
nomena in the literature.
The residual wall after endarterectomy
is surprisingly thin. None the less, aneur
ysm formation is of minimal significance
clinically. Wylie4 reported only one aneur
ysm in 100 cases and this was a false

aneurysm. The theoretical considerations
with respect to residual-wall strength have
been presented by Barker
.3 and
Gryska.6 Cannon3 described the histopathology at the edge of endarterectomy and
emphasized the need for bevelling the
distal intima or inserting mural sutures for
internal fixation. The present study indi
cates that where the distal vessel wall is
normal, the intima at the edge of endar
terectomy is firmly adherent and potential

et al

CANADIAN JOURNAL OF SURGERY

14

Vol, 8

“natural planes” for dissection. However,
the process may be so advanced as to make
endarterectomy inadvisable.
Potential peripheral dissection is unlike
ly to be a problem in ideal endarterectomy
situations where the distal vessel wall is
normal.
Referen ces

Fig. 6.—Aortoiliac bifurcation with advanced
atherosclerosis in which sham endarterectomy was
performed. The arrows point to the endarterectomized core. Note the adherence of the aorta to
surrounding structures including vena cava. Also
note that both vessels were perforated at the bi
furcation of the common iliac during the perform
ance of this procedure.

peripheral dissection is not likely to occur.
Finally, this study indicates that there is
an advanced stage of arteriosclerosis where
endarterectomy is not advisable and not
feasible. When attempted it may well re
sult in perforation of the vessel wall. This
stage is correlated with advanced periarter
itis and adherence to surrounding struc
tures as noted at exploration. Cannon3 has
referred to this situation.
Su m m a r y

The plane of dissection in endarterec
tomy was studied by performing simulated
endarterectomy on aortoiliac and carotid
arteries from patients with varying stages
of arteriosclerosis at postmortem.
Most frequently, the plane of dissection
lies just deep to the internal elastic lamina.
However, endarterectomy can be per
formed at any plane in the middle of the
media. Furthermore, the plane of dissec
tion frequently changes.
The atherosclerotic process itself affects
the plane of dissection and may create

1. R e b o u l , H. and L a u b r y , P.: Endarteriectomy
in treatment of chronic endarteritis oblit
erans of limbs and abdominal aorta, Proc.
Roy. Soc. Med., 4 3 : 547, 1950.
2. R o b , C. G. and D o w n s , A. R .: C h ro n ic occlu
sive disease of the aorta and iliac arteries
(treatment and results), J. C ardiov. Surg.,
1: 57, 1960.
3. C a n n on , J. A.: Rationale of endarterectomy,
W estern ]. Surg., 6 4 : 321, 1956.
4. W y l i e , E. J.: Thromboendarterectomy for ar
teriosclerotic thrombosis of major arteries,
Surgery, 3 2 : 275, 1952.
5. B a r k e r , W . F. et a l Anatomical results of
endarterectomy, Surg. Forum, 6 : 266, 1955.
6. G r y sk a , P. F.: The physical properties of
arteries after endarterectomy, Surg. Cynec.
Obstet., 1 1 3 : 227, 1961.
---- ---

R esu m e
II semble que le plan de clivage a utiliser lors
dune endarterectomie n’est pas clairement defini.
Selon certains, il serait dans la couche exteme de
la media; selon d’autres, dans le tiers interne;
selon d’autres, enfin, il ne devrait interesser que
l’endothelium et l’intima. Il faut remarquer qu’aucun de ces auteurs ne presente d’images microscopiques a l’appui de leurs theses. C’est pourquoi
le present article resume les resultats d’experiences
faites en vue d’elucider cette question. Il fut pre
cede a des endarterectomies simulees chez des
cadavres de patients porteurs de lesions atheromateuses; immediatement apres cette interven
tion, on preleva des specimens vasculaires aux
fins d’examen microscopique. On obtint ainsi 9 0
coupes, correspondant a 14 cadavres; on utilisa
les colorations suivantes: hematoxyline-eosine,
trichrome de Masson, elastine de Weigert. Des
specimens post-operatoires vrais furent aussi
etudies pour comparaison. Les resultats peuvent
etre resumes comme suit: (1 ) le plan de clivage
pent passer a n’importe quel niveau dans la media:
ceci varie avec 1’importance de l’atherome. Lorsque le depot atheromateux est tres abondant, il
comprime la paroi vasculaire, et le clivage se fera
alors de faqon plus superficielle. (2) L e plan de
clivage se trouve etre forme par le caractere du
depot. (3) Durant la meme intervention, on se
trouve interesser plusieurs plans, et le passage de
l’un a l’autre se fait de fagon graduelle. (4) Lorsque la maladie est tres avancee, notamment lorsqu’il existe des phenomenes de periarterite, l’endarterectomie est contre-indiquee, car elle peut
entrainer la perforation de la paroi du vaisseau.
En conclusion, cette etude montre que les dis
cussions entre divers auteurs au sujet du plan de
clivage de l’endarterectomie sont sans objet, mais
que ce plan varie selon les circonstances pathologiques.
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FREE PLEURAL GRAFTS IN THE MANAGEMENT OF RAW
SURFACES OF PULMONARY TISSUE: EXPERIMENTAL AND CLINICAL
STUDY*
J. M. LEM IEU X, M.D. and J. VANDEPUT, M.D., Quebec, P.Q.

Among the factors favouring the develop
ment of a bronchial fistula, persistent air
leakage and incomplete pulmonary expan
sion are of utmost importance because
failure to obliterate dead space in the first
24 hours is often followed by permanent
bronchopleural fistula.

Prevention of air leakage and residual
dead space starts with the management of
raw surfaces after segmentary pulmonary
resection and after lobar resection without
planes of cleavage. The usual technique
consists of linear closure of the created de
fect. The shortcomings of such a method
are numerous: closure is never tight; de
layed wound dehiscence is possible be
cause sutures tend to cut through owing to
repeated pull during each respiratory
movement; linear closure wastes lung tissue
and local atelectasis is the result of such
non-expandable tissue.
Some surgeons, considering these fac
tors, leave the raw surfaces as such. In
deed, healthy tissue will heal by itself and
granulations will close off all alveoli and
bronchioli. When sufficient time elapses,
these surfaces become covered with a
smooth, partially fibrosed, mesothelial lay
er. However, in surgical treatment of dis
eased lungs, we might have to deal with
areas of bronchiectasis, where spontaneous
healing is slow and usually incomplete.
Pleural and pericardial flaps have been
rotated for coverage. A pedicle, however,
limits free motion of the attached lung, and
only small areas can be treated this way.
We used free parietal pleural grafts in
stead. The sole objection to free grafting
was the uncertainty about the future of
the graft; necrosis of the applied pleura
and secondary infection of the underlying
pulmonary tissue were considered possible.
A n i m a l I n v e s t ig a t io n

Six healthy dogs weighing from 20 to
30 kg. were used. Operations were per“From the Department of Thoracic Surgery and
the Research Centre, Laval Hospital, Quebec, P.Q.

formed under general anesthesia with thio
pental (Pentothal) after tracheal intubation;
artificial respiration was carried out with
the standard electric respirator.
After a thoracotomy on the right side, a
raw surface was created by removing pul
monary tissue measuring 3 x 3 x 0.3 cm.
We also dissected a piece of parietal
pleura, avoiding fatty tissue in our graft.
This parietal pleura was put on the raw
lung surface and sewn in place with inter
rupted sutures of silk 5-0 (Fig. 1).
Autopsies were performed after various
postoperative periods of up to 214 months.
One dog died on the operating table be
cause of excessive use of the anesthetic
agent.

Observations During Operation
After a raw lung surface is created,
diffuse capillary bleeding starts, so that
ligation of bleeding points is impossible.
Air bubbles through the cut surface.
A tissue, in this case a sheet of pleura,
applied to a raw surface favours coagula
tion by means of thromboplastinogenase.
A few minutes after we applied such grafts,
oozing stopped.
During operation carried out under posi
tive pressure, we noticed that immediately
after grafting, air leaked between the su
tures at the borders of the graft.

Postoperative Observations
One dog died as a result of anesthesia
(intravenous pentobarbital [N em butal]).
Cardiac arrest was noted two hours after
the application of the graft. At autopsy,
the pleural graft adhered well to the lung
tissue by means of a fine layer of coagu
lated blood; microscopical examination of
the specimen showed a fibrinous mesh in
which agglutinated red blood cells were
trapped.
Although this dog had had positive air
and oxygen pressure for about two hours,
we found no air bubbles between the graft
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Fig. 2.—Appearance of the graft after two
Fig. 1.—Free pleural graft sewn over the raw
months.
lung surface.

and its bed. When the graft was put under
water, no air leakage was observed.
This experimental observation has its
clinical counterpart in only a slight escape
of air, beginning soon after operation.
The structure of the lung, which con
tains bronchioli and alveolar spaces, fa
vours adhesion of the graft; exudative
liquid is drained from below the graft to
ward the lung, thus preventing hematoma
formation. The lung parenchyma, being
richly vascularized and oxygenated, is an
ideal bed for free grafts.

Definite Results
The macroscopic aspect of the grafted
area remained unchanged once the graft
had taken. All grafts had taken entirely.
Their colour was greyish white because of
the transparency of the underlying fibrosis.
Their surfaces were smooth and did not
adhere to the thoracic wall. Only one dog
had fine adhesions between the thoracic
wall and the border of the graft (Fig. 2).
After inflating the lung at its maximum
expansion, no air leakage was noted.
As in thin skin grafts, we also noticed a
reduction in the size of the wound because
of retraction of the fibrosis uniting the
graft to its bed. Such retraction is variable
from one individual to another for the
same thickness and size of graft, and it is

more pronounced for thinner and smaller
grafts. In our dogs, retraction reduced the
size of the graft by 25% to 40% .
Microscopical examination showed that
the lung tissue was not altered below the
graft. Only around the sutures were micro
scopical foci of atelectasis and reactional
fibrosis found surrounding the silk threads.
Just above, a small layer of young fibrous
tissue was seen; this was very cellular and
had multiple new capillaries; it was the
layer which replaced the fibrinous mesh
and which bound the graft strongly in
place. Finally, the connective tissue pattern
of the grafted parietal pleura was noted —
specimens 15 days old still contain red
blood cells — and all this was paved with
a mesothelium of cubic cells (Fig. 3).
The donor area at the posterior thoracic
wall was always nicely healed. It was re
surfaced with a pleura that was thinner
and more fibrotic. No dog showed adhe
sions to the lung at this site, probably
because during operation the internal thor
acic fascia was left on the muscles and the
periosteum; thus, no bleeding occurred.
C l in ic a l S tu d y

The surgical technique is very simple.
A piece of parietal pleura is removed from
the posterosuperior thoracic wall and is
sewn on the raw surface of the treated
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Fig. 3.—Histological aspect of a grafted parietal pleura after 15 days.

area with interrupted 4-0 silk sutures at the
periphery of the defect and a few sutures
at the centre. We have been using this
method since June 1961. This additional
procedure requires no more than 10 min
utes and might save time if one has to deal
with complicated closures of large resected
areas.
R em its
Eight pulmonary resections with raw
surfaces at the area of resection have been
carried out. They are divided as follows:
Two superior lobectomies with absence
of fissure.
One superior lobectomy with absence of
fissure and apical segmentectomy of the
inferior lobe.
One resection of middle lobe and seg
mentectomy for pulmonary abscess.
Two superior lobectomies; apical seg
mentectomy of the inferior lobe, and seg
mentectomy of the middle lobe.
Two segmentary resections for tuber
culous cavity and infected bullous emphy
sema.
No cases of wound infection were en
countered, and air leakage ceased rapidly

in all patients. Except for the patient
treated for bullous emphysema and suffer
ing from some pulmonary fibrosis, where
a small asymptomatic residual space per
sisted, full pulmonary expansion was ob
tained, and there were no complications.
Six patients had pulmonary tuberculosis
and direct bacteriological examination of
the specimens showed Koch’s bacilli. We
believe that the use of free pleural grafts
in at least two cases prevented complica
tions that otherwise would have been un
avoidable; indeed, the prognosis of resec
tions of the apical segment in tuberculosis
is very guarded.
Since the free pleural graft aids in the
prevention of persistent air leakage, such
grafts may save many patients from a
fistula and this method may enlarge the
scope of surgical possibilities for serious
cases.
C a se R e p o e t s

.

C ase 1 — Superior lobectomy with absence

of fissure.— G.L., a 23-year-old student, had
several cavities in his right superior lobe and
some “spots” disseminated over the upper third
of the lung. His sputum was positive for
Koch’s bacilli. A right superior lobectomy was
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performed on September 21, 1961. No dissect
ing plane existed between the superior and
the middle lobes. After freeing the upper lobe,
a large raw surface was left, causing much air
leakage. This surface was covered with a free
pleural graft. A direct examination of the
surgical specimen showed Koch’s bacilli. The
drainage tubes were removed on September
24 and 25, 1961, but some days later a small
residual dead space appeared, which was
drained on September 28. Four days later, this
space had disappeared and the new drainage
tube was removed. Complete pulmonary ex
pansion was obtained. The patient left Laval
Hospital on March 10, 1962, completely cured.
C ase 2.— Superior lobectom y with ab sen ce
o f fissure.— S.L. was operated upon on Octo
ber 12, 1961, for tuberculosis of the right su
perior lobe. During the operation, it was
noticed that the right upper lobe was retracted
and contained numerous small tuberculous
nodules; there was no free cleavage plane be
tween middle and upper lobes, and the upper
lobe was dissected out, leaving a large raw
surface at the middle lobe through which air
bubbled diffusely. This surface was covered
with a free parietal pleural graft. A direct
bacteriological examination of the surgical
specimen revealed Koch’s bacilli.
During the immediate postoperative period,
some air leakage was noted; the two drainage
tubes were removed on October 17, 1961.
Complete pulmonary expansion was obtained.
The patient left the hospital on December 2,
1961, at which time a radiograph of the chest
was normal.
C a se 3. — Right superior lobectom y w ith a b 
sen ce o f fissure an d apical segm entectom y of
th e right in ferior lobe.— The radiograph of
this woman, M.R., revealed a retraction of the
right upper lobe enclosing a cavity of 2.5 x
2.5 cm. The apical segment of the lower lobe
was also suspected of harbouring tuberculosis.
A right upper lobectomy and an apical seg
mentectomy of the lower lobe were preformed
on June 20, 1961. Since there was no dissect
ing plane between the upper and middle lobes,
a large raw surface was created. The entire
field of resection was covered with a free
pleural graft.
During the postoperative period, the thorac
ic cavity was drained twice, on June 22 and
on June 26, because of faulty placement of
the upper thoracic drainage tubes. On August
5, the lung was completely expanded. This
patient continued her medical treatment for
six more months; all bacteriological examina
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tions became negative, and a tomogram taken
before discharge revealed no residual dead
space. She left the hospital on December 21,
1961.
C ase 4.— R esection o f m iddle lo b e and seg
m entectom y o f u pper lobe.— A radiograph of
the chest of this patient (L .M .) revealed a
right middle lobe lesion, suspected of being
neoplasia. At operation a solid mass was en
countered, located at the fissure between the
upper and middle lobes and invading the
middle lobe and anterior segment of the upper
lobe. A frozen section showed that this mass
was an interlobar abscess. The operation con
sisted of a resection of the middle lobe and a
resection of the anterior segment of the upper
lobe with a partial resection of the apical seg
ment of the same lobe. These procedures left
a large raw surface on the upper lobe, which
was covered with a free pleural graft.
Two days after the operation, there was no
longer any air leakage, and the radiograph
showed a complete re-expansion.
C a se 5.— Superior lobectom y with absen ce
o f fissure; apical segm entectom y o f th e inferior
lo be an d segm entectom y o f th e m iddle lo b e.—
P.J. had tuberculous cavities in the right upper
lobe and spotty lesions on the middle lobe.
He was operated upon on June 15, 1961. The
upper lobe was shrunken and contained sev
eral palpable tuberculous lesions invading also
the middle lobe. The apical segment of the
inferior lobe also contained a cavity. A su
perior lobectomy, an apical segmentectomy of
the inferior lobe, and a wedge resection of the
posterior part of the middle lobe were per
formed. The raw surfaces of the middle and
lower lobes were covered with a free pleural
graft. A direct bacteriological examination of
the surgical specimen disclosed Koch’s bacilli.
During the postoperative period some air was
drained away, and the thoracic drainage tubes
were removed on June 20, 1961.
The pulmonary expansion was complete and
permanent. The patient left the hospital and
continued his medical therapy at a regional
sanatorium.
C ase 6. — Superior lobectom y ; apical seg 
m entectom y o f th e superior lo b e and segm ent
ectom y o f th e m id d le lo be.— L.A. had, radiologically, only cavities in the right upper lobe
(Fig. 4 ) . At thoracotomy on May 18, 1961, a
much more extensive involvement was dis
covered. The right upper lobe was entirely
retracted and filled with small tuberculous
nodules; the middle lobe and the apical seg-
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Fig. 4.—Case 6. L.A. Anteroposterior chest tomography on admission to hospital.
merit of the lower lobe were adherent to the
upper lobe and invaded by the tuberculous
process. A right superior lobectomy was car
ried out with removal of the apical segment
of the inferior lobe and a segmentary resection
of the middle lobe. All raw surfaces were cov
ered with free pleural grafts. A direct bacterio
logical examination of the specimen revealed
Koch’s bacilli. In the immediate postoperative
period, a slight air leakage was noticed. The
drainage tubes were removed on May 22,
1961, and the pulmonary expansion remained
complete.
The patient left Laval Hospital on June 27,
1961, to complete his treatment in a rural
sanatorium. At his departure, the sputum was
free of tuberculous bacilli and the chest radio
graph showed no evidence of pathology
(Fig. 5 ).
C a se 7 . — Segm entary resection fo r tu ber
culous cavity.— G.M. had an apparently inac
tive cavity at the apex of the left upper lobe
and also a large cavity, much more active,
at the apical segment of the inferior lobe
(Fig. 6 ). His level of pulmonary function did
not permit a pneumonectomy. Relying on the

Fig. 5.—Case 6. L.A. Anteroposterior chest
radiograph at the time of discharge from hospital.
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Fig. 6.—Case 7. G.M. Anteroposterior tomography on admission to hospital.
good results previously obtained by the use of
free pleural grafts, we felt free to do only
an apical segmentary resection of the inferior
lobe (including the more active cavity). This
conservative operation was carried out on F eb
ruary 25, 1962. By sharp dissection through
healthy and diseased lung tissue, the main
lesion was removed and the raw surface was
covered with a free pleural graft, including at
the same time the stump of the apical bron
chus (Figs. 7 and 8 ).
By palpation of the upper lobe, the lesions
described by the radiologist were found, but
no treatment was carried out, as agreed upon.
After operation, some air drainage occurred
for two days; the drainage tubes were removed
on February 12, 1962, and repeated radiologi
cal examinations showed complete pulmonary
expansion (Fig. 9 ).
A direct bacteriological examination of the
specimen showed Koch’s bacilli, and since the
operation his sputum has been negative.
C ase 8.— Segm entary resection for in fected
bullou s em physem a.— R .E., an elderly man,
was admitted on August 11, 1961, because of
an extensive round rarefaction occupying the
entire apex of the right upper lobe and a

similar lesion with fluid level on the left side.
Active tuberculosis was excluded, and he was
thought to be suffering from infected bullous
emphysema.
He was operated upon on September 14,
1961. An apicoposterior segmentary resection
was carried out on the left upper lobe, and the
raw surface so created was covered with a free
pleural graft.
In the postoperative period, a little air was
drained. However, no complete pulmonary ex
pansion was obtained, probably because of the
fibrous nature of his lung tissue, and he had
to leave the hospital with a small asymptom
atic residual space.
A histopathological examination confirmed
our preoperative diagnosis of pulmonary
fibrosis with emphysema.
D iscussion
F re e pleu ral grafts constitute a kind of
free graft of serosae (pleura, pericardium ,
p eriton eu m ). T h ese grafts have been
applied for a long time for several pur
poses.1'5 In the abdom inal cavity, peri
toneum has been used in some investiga
tive studies. Some research workers have
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Fig. 7.—Case 7. G.M. Coverage of the raw surface after apical segmentectomy.
The apical bronchus is closed by interrupted sutures of silk 3-0.
i

4

noticed the beneficial effect of covering
faulty intestinal anastomoses with a pro
tective membrane of peritoneum for pre
vention of leakage.2

Experimental work, similar to ours, was
done by covering the cut section of a liver
after hemihepatectomy with a free graft
of parietal peritoneum.5 The results of this

4

Fig. 8.—Case 7. G.M. Coverage of the bronchial stump with the same graft.
No central suture is used for this case because of underlying diseased tissue.
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Fig. 9.—Case 7. G.M. Anteroposterior chest
radiograph at the time of discharge from hospital.

research were comparable with our obser
vations: hemostasis accelerated by the
grafts; absence of bile fistula (liver); ab
sence of air fistula (lung); taking and via
bility of these free grafts; absence of ad
hesions between the grafts and the oppos
ing tissues.
In the thoracic cavity, mainly pleura and
pericardium have been used.4 Studies were
carried out which aimed at additional pro
tection of esophageal anastomoses or of
bronchial suture against leakage. Some in
vestigators rotated pediculated flaps, but it
was proved that free grafts did as well as
such flaps. Others have tried homologous
pericardium, preserved for some days at
low temperatures; even these membranes
assured sufficient protection for the pur
pose under study. During these animal ex
perimentations, it was noted that pleura is
much more pliable and elastic than the
more rigid pericardium. Parietal pleura can
also be taken from a large surface without
any complication, whereas pericardial re
moval is less desirable.
On reviewing medical literature, we
could not find any experimental or clinical
work on the use of free pleural grafts for
covering raw surfaces of pulmonary tissue
after resections.
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and

C onclusions

Free pleural grafts, just as other free
serosal grafts, follow the general rules of
thin tissue grafts; they remain viable. Pul
monary parenchyma constitutes a favour
able bed for free thin grafts. The raw sur
face of a free pleural graft, as any other
traumatized tissue, favours the coagulation
process and, as any membrane, reduces
oozing of capillary vessels. The small blood
clot below the graft greatly reduces air
leakage coming from the microscopic
bronchopleural communications. The fi
brinous mesh of this clot will be replaced
by a fibrous tissue, which makes a definite
junction between the pleural graft and the
lung tissue.
The permanent usefulness of free pleural
grafts in the management of raw surfaces
of pulmonary tissue is confirmed experi
mentally and clinically.
The authors are indebted to Mr. J. Rossano
for his photography. This research work has been
greatly facilitated by the co-operation and the
general interest of the laboratory personnel. The
manuscript was proofread by Mr. Rene Miller,
Instructor in English, Laval University.
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R e su m e
Une complication des interventions pulmonaires
est l’apparition d’une fistule broncho-pleurale qui
peut assez souvent devenir permanente. La cause
en est une fuite d’air sur la surface cruentee du
poumon apres segmentectomie ou resection lobaire. Le moyen habituel de fermer ces fuites est
de faire des points de suture dans le parenchyme;
malheureusement, il est rare qu’on arrive ainsi a
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une etancheite parfaite. De plus, le fil de suture
a une forte tendance a couper le parenchyme, specialement lorsque les mouvements respiratoires
reprennent. Certains chirurgiens, degus de cette
technique, preferent laisser Tespace cruente tel
quel; normalement, la plaie guerit par la forma
tion d’un tissu de granulation qui obture les ori
fices possibles. Les auteurs se sont proposes
d’utiliser des greffons de plevre libres comme ma
teriel de recouvrement. Ils ont precede a une
etude experimentale de cette technique sur le
chien. Six chiens batards furent employes; sous
anesthesie au pentothal, une thoracotomie droite
fut faite, a travers laquelle on resequa une portion
de tissu pulmonaire mesurant 3 x 3 x 0.3 cm. Un
lambeau de plevre parietal fut alors disseque et
mis en place, maintenu par quelques points de
suture. On nota que le greffon adhere facilement
sur la plaie et qu’il favorise la coagulation des
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petits capillaires. Les animaux furent sacrifies a
des dates post-operatoires variables. On vit^ que
toutes ces greffes avaient bien pris, et qu’elles
n’adheraient pas a la paroi. L ’etancheite de la
plaie etait complete. Cette technique fut alors
utilisee en clinique (depuis juin 1 9 6 1 ) dans huit
cas: les histoires en sont rapportees de fagon resumee. II s’agissait de deux lobectomies superieures avec absence de scissure; une lobectomie
superieure avec absence de scissure et segmentectomie apicale du lobe inferieur; une resection d’un
lobe moyen et segmentectomie pour abces; deux
lobectomies superieures avec segmentectomie api
cale du lobe inferieur et segmentectomie dans le
lobe moyen; deux segmentectomies pour cavites
tuberculeuses. Les greffons de plevre parietale
furent toujours preleves sur la paroi thoracique,
dans la region postero-superieure. L es resultats
furent tres satisfaisants.

A C U TE REN A L A R T E R IA L OCCLUSION®
JU L ES CHARON, M.D., F.R .C .S .[C ], F.A .C.S., FRANCOISE T ELM O SSE, M .D.,
F.R .C .S.JC ] and IVAN LA BER G E, M.D., F.R .C .S.JC ], M on treal

T he sudden occlusion of a renal artery or

one of its main branches is followed by
acute ischemia and progressive destruction
of part or all of the kidney. This major
catastrophe in the genitourinary system has
received little attention since the compre
hensive review of Regan and C rabtree7 in
1948. Wilkey et al.10 had collected less than
100 cases from the literature up until 1960.
Obviously this is a more common occur
rence than this figure suggests, because
small non-functioning kidneys are by no
means rare and may represent a step in the
evolution toward total renal ischemia.
The following two cases are presented in
the hope of stimulating interest in what has
been considered a hopeless condition as
far as the affected kidney is concerned.
The main difficulty lies in establishing an
early diagnosis, because the clinical symp
toms are non-specific and resemble renal
colic. Nevertheless, close attention to cer
tain clinical details may give a lead to the
correct diagnosis.
Clinical data accumulated during the
treatment of acute myocardial infarction
with anticoagulants and the tremendous
improvements in the diagnostic and opera“ From the Departments of Urology and Surgery,
Hopital Notre-Dame, Montreal 24,

five methods that have been applied to
vascular diseases could perhaps also be ap
plied to renal arterial occlusion.
C ase R eports
C ase 1.— A 33-year-old white woman was
admitted to the emergency room of Hopital
Notre-Dame on March 17, 1962, complaining
of acute left flank pain. The patient had been
active and well until six hours before admis
sion, when she experienced the sudden onset
of an acute pain, located in the left costoverte
bral angle and radiating anteriorly to the
epigastrium. It was constant and boring in
nature, without colicky exacerbation, and was
accompanied by nausea and a little vomiting.
There was no urinary change and she did not
notice any gross hematuria.
Physical examination revealed a well-pre
served plump woman in moderate distress.
Vital signs were normal: pulse rate 68/min.,
blood pressure 125/80 mm. Hg, respiration
18/min., temperature 98.6° F. (oral). Palpa
tion of the abdomen did not reveal any mass
or tenderness. Deep palpation of the left
costovertebral angle increased the pain; the
kidney could not be felt. Other physical find
ings were unremarkable except for a Grade II
diastolic murmur at the apex radiating to the
axilla and the left sternal border. The labora
tory findings on admission were as follows:
hemoglobin 15 g. %, hematocrit 43 mm., leuko
cyte count 5650/c.mm., urinalysis showed an
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Fig. 1.—Case 1. Complete occlusion of left renal artery.
occasional red blood cell (R B C ) and 7-8 white
blood cells (W B C ) per h.p.f., and albumin

1+.
The patient had been aware of the presence
of a cardiac condition of undetermined etiol
ogy since the age of six or seven years, which
was symptomless except for mild exertional
dyspnea. No history of rheumatic fever or
chorea could be elicited. Four years previous
ly, she had had an illness that was diagnosed
as a right lobar pneumonia.
A tentative diagnosis of left urinary stone
was made and hospital admission was re
quested. She received meperidine (Dem erol);
her urine was strained and she was kept fast
ing until the next morning in preparation for
an intravenous pyelogram. The excretory uro
gram revealed a normal collecting system in
the right kidney, but no excretion whatsoever
from the left side. By that time, 20 hours after
the onset of pain, the patient had little in the
way of spontaneous complaints, and only a
mild tenderness persisted on palpation of the
left costovertebral angle.
A left retrograde pyelogram was then done

using a No. 5 French ureteral catheter. Noth
ing hampered the progress of the catheter,
which was threaded well into the pelvis, but
no urine was evacuated. Five c.c. of sodium
and methylglucamine diatrizoates (Retrographin) were injected slowly into the cathe
ter. The collecting system was essentially
normal, but although the injection was carried
out slowly and the amount used was not ex
cessive, there was important pyelotubular
backflow. This persisted for over 15 minutes,
even after the pelvic contents had been
drained. W e reasoned that no urine came
down the tubules to wash out the dye and
that complete renal artery occlusion could well
explain the clinical picture.
A translumbar aortogram was then per
formed which confirmed the diagnosis.
Exploration of the kidney was decided upon
and was carried out the next day. The renal
pedicle was approached through an oblique
left anterior abdominal incision, from the tip
of the eleventh rib to just below the umbilicus.
The transverse mesocolon was opened in its
relatively avascular portion, below the splenic
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Fig. 2.—Case 2. Lumbar aortogram. Note complete occlusion of right renal artery.

flexure; the aorta and the left renal artery were
identified and isolated.
The renal artery was normal and pulsatile
in the proximal 1 cm., but in the remainder
of its course was non-pulsatile, dilated and
dark blue in colour. The left renal vein was
normal and refilled quickly after handling. The
kidney itself was grey, but otherwise normal
in size and contour.
An exclusion clamp was placed obliquely on
the aorta, close to the point of renal artery
take-off. An arteriotomy was performed and a
clot 3 cm. long was easily evacuated; no backflow appeared from the kidney. The artery
was irrigated with fibrinolysin and closed with
a Teflon patch. The clamp was removed and
the intravascular pressure curves were taken.
A flat tracing was recorded from the renal
artery distal to the arteriotomy site. The vessel
was reopened and fresh clots were evacuated,
but revascularization appeared impossible and
a nephrectomy was done. Recovery was un
eventful.

C a s e 2.— E.M ., a 62-year-old man, was ad
mitted to Hopital Notre-Dame on April 2,
1962, for treatment of congestive heart failure
and arteriosclerosis. Two years previously he
had suffered a coronary thrombosis and
showed evidence of a bundle branch block on
a recent electrocardiogram. Clinical manifesta
tions of cerebral arteriosclerosis were becom
ing increasingly apparent, with memory im
pairment, depressive reactions and a general
slowing of his mental acuity.
His general condition was otherwise fairly
good; he had no spontaneous complaints con
cerning the genitourinary tract or other systems.
Physical examination showed an ageing man
who looked somewhat older than his stated
age. Vital signs were normal: arterial blood
pressure on admission was 140/80 mm. Hg.
The rest of the physical examination was non
contributory.
On the day after admission the laboratory
findings were: hemoglobin 14.1 g. %, hematocrit
45 mm., leukocyte count 10,600/c.m m., sedi-
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Fig. 3.—Case 2. Left retrograde pyelogram. Note pyelotubular backflow.

Fig. 4.—Case 2. Note persistence of tubular dye
in same kidney 10 minutes later.

mentation rate 21 mm./hr., blood cholesterol
188 mg. %; urinalysis showed an occasional
white blood cell, but no blood crystals or
cylinders; blood urea nitrogen was 30 mg. %.
On the second day following his admission,
the patient was suddenly awakened by a sharp
pain in the right costovertebral angle, radiat
ing anteriorly to the epigastrium. It was steady
and severe enough to require meperidine
(Demerol) for its relief. Slight nausea was ex
perienced by the patient. No urinary symp
toms were noticed. Macroscopical hematuria
was absent. The vital signs remained un
changed, the blood pressure being 150/95 mm.
Hg.
A ureteral stone was suspected. An intra
venous pyelogram, carried out 24 hours later,
showed no dye excretion from the right kid
ney. Urinalysis was repeated and revealed a
few erythrocytes and many leukocytes. A
urological consultation was sought 30 hours
after the onset of pain. Although the patient
was then completely asymptomatic, a cysto
scopy with a retrograde pyelogram was car
ried out. A ureteral catheter was threaded up
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the right ureter without obstruction. There
was no urinary drainage from the catheter.
Perfectly normal collecting systems were
shown on the radiographs. A complete arterial
occlusion of the right kidney became a more
plausible diagnosis. The next day it was con
firmed by a translumbar aortogram which
showed a complete obstruction of the right
renal artery.
Because the patient was a poor operative
risk and in the light of recent experience with
Case 1, operation was deferred.
The rest of the hospital stay was unevent
ful and he was released from the hospital.
Three months later he suffered another myo
cardial infarction and died. Autopsy was re
fused.
D isc u ssio n

It is impossible to determine the true
incidence of renal artery occlusion. Al
though the blockage of the main arterial
trunk gives sufficient pain that the patient
is likely to seek medical advice, it is doubt
ful that thrombosis of smaller branches
gives more than moderate discomfort of
short duration. If the patient seeks medical
advice, the doctor is likely to relate the
symptoms to mild renal or intestinal colic.
The fairly common occurrence of deformed
atrophic, so-called chronic pyelonephritic
kidneys may well represent the final evolu
tion of a renal artery thrombosis, with par
tial recanalization and preservation of some
renal parenchyma. It has been suggested
that the right-angled take-off of the renal
arteries from the aorta affords some protec
tion against the lodgment in these vessels
of an embolus from the heart. The innom
inate trunk and the left carotid artery
would be more vulnerable because of their
oblique origin.
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nostic sign may some day be discovered.
We have found the character of the pain to
differ a little from the usual colic in that
it lacked the exacerbations which are so
common. The gradual decrease in the se
verity is also different from the almost
sudden relief experienced following spon
taneous removal of urinary-tract obstruc
tion.
The persistence of the pyelotubular
backflow on the retrograde pyelogram may
be a valuable sign, if present.
The absence of rapidly developing ar
terial hypertension is noteworthy in our
two cases.
Experimental determination of serum
glutamic oxaloacetic acid transaminase
(SGOT) has been done by Martin5 on rab
bits with renal artery occlusion produced
by ligation. Four hours later the trans
aminase began a rise that reached a peak
after 24 hours, then it fell sharply. This
variation in enzyme level is interesting but
unfortunately appears late and does not
permit positive action to be taken before
irreversible changes occur in the renal par
enchyma.
The common occurrence of macroscopic
hematuria in renal artery thrombosis has
been reported by Regan and Crabtree7 and
more recently by Amar and Gray.11 It is
thought to result from diapedesis of red
blood cells from hyperemic collaterals.
This diapedesis can only occur when the
occlusion affects one of the branches of the
renal artery. Thrombosis of the main trunk
results in a completely anemic organ which
obviously cannot bleed. This has been the
case in the patients studied.
T reatm en t

D ia g n o sis

Early diagnosis is obviously the crux of
the problem. The time during which a kid
ney may remain totally ischemic and still
recover after revascularization is extremely
short and does not allow regular urological
work-up for accurate diagnosis. At this
stage, the clinical symptoms provide the
only means of making a diagnosis. Al
though none of them are pathognomonic,
some signs may point to renal ischemia and
it is by close attention to detail that a diag

Treatment should be directed primarily
towards preventing embolization from the
heart in such situations as auricular fibrilla
tion, mural thrombus from myocardial in
farction, valvulitis, endocarditis or cardiac
procedures, or from arterial diseases, such
as mural thrombus from aneurysm, arterio
sclerosis, trauma, inflammation or ather
omatous plaques. The prevention of embol
ization is beyond the scope of this report.
Management of the acute state ideally
should consist of emergency embolectomy
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Fig. 5.—Case 1. Clots removed at operation.

but the delay in diagnosis makes this
measure utopian at the present time.
Blood circulation to the kidney is ter
minal in type. No collateral circulation is
effective enough to take over the ischemic
portion. The embolus from the heart may
be small in size and occlude correspond
ingly small arterial branches. Blockage of
large arteries could result therefore from
retrograde thrombosis, in continuity, from
the small embolus. Limiting the progres
sion of such clots could be achieved by
using anticoagulants such as heparin and
the coumadin compounds. We have not
tried this treatment yet but we intend to as
soon as the occasion arises.

9.
10.
11.
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R esum e
L’occlusion soudaine de l’artere renale ou d’une
de ses branches principales entraine une ischemie
aigue grave aboutissant a la necrose de tout ou
d’une partie du rein. Le nombre de cas de ce
genre que l’on peut trouver dans les references
de litterature est relativement petit et ne corres
pond sans doute pas a l’incidence reelle de ce
syndrome. Les auteurs presentent deux cas. Le
premier est celui d’une femme de 33 ans, admise
d’urgence en mars 1962, pour une douleur aigue
et subite dans le flanc gauche. La malade presente
en outre des nausees et des vomissements, mais
n’a rien remarque de particulier quant a ses
urines. L’examen physique est normal; la palpa
tion profonde de Tangle costo-vertebral gauche
augmente l’intensite de la douleur; l’auscultation
S um m a ry
cardiaque permet d’entendre un souffle diastolique
la pointe, irradiant vers Taisselle. L’analyse des
Two cases of acute renal arterial occlu de
urines revele quelques hematies, quelques globules
et la presence d’albumine. Le lendemain,
sion are reported in the hope of stimulating blancs
pyelogramme montre une absence d’excretion
a search for a method for early diagnosis. un
cote gauche; soupgonnant une obstruction de
Some facets of the clinical picture are pre du
l’artere renale, on effectue une aortographie qui
confirme ce diagnostic. On precede a une explora
sented so that others may eventually add to tion
voie abdominale oblique anterieure
these observations and a clearer symptom gauche;parl’artere
renale ne presente pas de pulsa
atology may thereby be defined.
tions au niveau du hile. On tente une arteriotomie
embolectomie; cette manoeuvre etant sans
Treatment at this stage is ineffective be pour
succes,
on pratique une nephrectomie. Les suites
cause of the time involved in establishing operatoires
sans histoire. Le deuxieme cas
an accurate diagnosis. The use of antico est celui d’unfurent
homme de 62 ans, admis en avril
arteriosclerose et insuffisance cardiaque.
agulants is suggested as a means of pre 1962 pour
jours plus tard, une douleur subite apparait
venting the extension of the thrombosis Deux
dans la region de Tangle costo-vertebral droit, acfrom a small branch to the main trunk.
compagnee de nausees. Une cystoscopie est faite,
montrant la encore une absence d’excretion du
cote interesse. On posa alors le diagnostic d’occluR eferen ces
sion arterielle renale, mais on renonpa a intervenir
1. D ug gan , M. L.: Acute renal infarction, ]. a cause du mauvais ctat general du malade, qui
Urol., 90: 669, 1963.
deceda trois mois plus tard d’une crise d’infarctus
2. G o o d y e a r , W. E. and B ea rd , D. E.: Diag cardiaque. Dans ces cas, le diagnostic precoee est
nosis and management of renal-artery indispensable pour assurer un traitement efficace;
thrombosis: report of a case, New Eng. J. un rein ischemie ne peut survivre que pendant un
Med., 2 37 : 355, 1947.
temps tres court.
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SURGICAL PROBLEMS ASSOCIATED W ITH CONGENITAL
MALFORMATIONS OF THE FOREFOOT 6
ROBERT J. COW AN, M.D., F.R .C .S.[C ],t
M u c h has been written regarding the clini
cal descriptions and etiology of congenital
malformations of the hands and feet, but
the medical literature contains only a few
references to the surgical treatment of de
formities that involve the forefoot. Davis
and German1 advised separation of com 
pletely webbed second and third toes by
full-thickness skin grafts to anticipate un
equal growth and to prevent the long toe
from assuming the hammer position; other
wise, they did not believe that surgery was
indicated in syndactyly of the toes. Paletta2
added another indication for surgery of
syndactylism in a patient with clumping of
the digits and a fenestrated syndactyly. He
also described a foot with a supernumerary
ray (an extra toe with its metatarsal, but
not necessarily tendons) and a great toe in
varus position which he treated by excision
and arthroplasty with a satisfactory nar
rowing of the forefoot. Farmer3 illustrated
his technique for managing congenital
hallux varus that may or may not be asso
ciated with supernumerary digits or rays.
Follow-up studies by DuVries4a show the
results of amputation of the fibular side
of a wide and abnormally projecting meta
tarsal head, such as is found in incomplete
reduplication of the metatarsal which artic
ulates with the reduplicated little toes. In
order to produce a forefoot of normal di
mension, DuVries4b recommends resection
of the entire fibular side of a reduplicated,
but incompletely separated metatarsal if
the foot is too wide. To anticipate the de
velopment of a hallux varus after amputa
tion of a reduplicated great toe, he also
advocates reattachment of the abductor
hallucis to the remaining great toe if the
medial reduplication is removed .40 Brook 5
described an adolescent girl with a short
great toe that was lengthened by an
oblique osteotomy of its metatarsal fol-

* Presented at the Meeting of the Canadian Society
of Plastic Surgeons, Toronto, October 1963.
fDepartment of Surgery, Faculty of Medicine,
University of British Columbia, Vancouver, B.C.

Vancouver, B.C.

lowed by traction. Stiles and Pickard 6 pre
sented a patient with a “lobster-claw” foot
who had a plastic repair of the cleft and
an osteotomy of the great toe. In the treat
ment of lobster-claw foot, Peet and Patter
son 7 state that “obliteration of the cleft
should be carried out if it interferes with
the fitting of a normal pair of shoes. Deep
sutures are required to hold the heads of
the metatarsals together” .
The purpose of this paper is to discuss
other problems that have been encountered
in the management o f these malformations;
these are described below.
C l a s s if ic a t io n o f C o n g e n it a l
M a l f o r m a t io n s o f t h e F o r e f o o t

Congenital malformations of the hands
and feet are difficult to classify satisfac
torily and the terminology is complicated,
but Kanavel8 has offered a workable
schema for the hand which can be applied
to the feet as well (Table I).
It should be appreciated that although
defects, excesses or disorientation of skele
tal tissue may exist, there may also be
associated abnormalities of skin, subcutane
ous tissue, muscle, tendons and their ex
pansions, and of the supporting ligaments.
If the surgeon is unaware of associated ab
normalities, deformities may remain after
operation that might have been anticipated
and corrected. Following excision of one
of a bifid little or great toe, the remaining
digit may persist in a varus or valgus posi
tion. When a supernumerary metatarsal is
removed from a central position, the fore
foot will not be narrowed to normal dimen
sions unless attention is paid to the other
tissues as well as to the skeletal structure.
A better classification of the skeletal de
ficiencies than that o f Kanavel has been
proposed by O’Rahilly 9 and Frantz and
O’Rahilly10 and the terminology has been
defined in their articles. From the radio
logical appearance of the skeleton, they
have developed an anatomical terminology
for these deformities in place of the
classical synonyms which are confusing.
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TA B L E I.— C o n g e n it a l M a l fo rm a tio n s

1.

H ypoplasia and a p la sia ...................................

2.

Disorientation o f tissue.....................................

3.

H yperplasia........................................................

of th e

F oot (a f t e r K

Vol. 8
a n a v e l 8)

Absence of the foot (apodia), digits (adactylia), or pha
langes (aphalangia)
Vertical, horizontal or segmental, respectively—absence
of the tibia or fibula and their rays; annular grooves
(congenital constriction rings); ankylosed phalanges
(symphalangism)
Multiple feet (dipodia), digits (polydactyly), or phalanges

T A B L E II.— C l a ss if ic a t io n o f C o n g en ita l S k e l e t a l L im b D e f ic ie n c ie s
( a f t e r F rantz and O’R a h il l y 10)

Terminal
Longitudinal
T ransverse
1. Complete paraxial hemimelia (complete absence
1. Amelia (absence of limb)
of one of the forearm or leg elements and of the
2. Hemimelia (absence of forearm and hand or leg
corresponding portion of the hand or foot)
and foot)
2. Incomplete paraxial hemimelia (similar to above
3. Partial hemimelia (part of forearm or leg is
but part of defective element is present)
present)
3. Partial adactylia (absence of one or more
4. Achiria or apodia (absence of hand or foot)
phalanges from one to four digits)
5. Complete adactylia (absence of all five digits
4. Partial aphalangia (absence of one or more
and their metacarpals or metatarsals)
phalanges from one to four digits)
6. Complete aphalangia (absence of one or more
phalanges from all five digits)
Intercalary
Longitudinal
Transverse
1. Complete paraxial hemimelia (similar to cor
1. Complete phocomelia (hand or foot attached
responding terminal defect but hand or foot is
directly to trunk)
more or less complete)
2. Proximal phocomelia (hand and forearm, or
2. Incomplete paraxial hemimelia (similar to cor
foot and leg, attached directly to trunk)
responding terminal defect but hand or foot is
3. Distal phocomelia (hand or foot attached
more or less complete)
directly to arm or thigh)
3. Partial adactylia (absence of all or part of a
metacarpal or metatarsal)
4. Partial aphalangia (absence of proximal or
middle phalanx or both from one or more digits)

Their classification is based on the somitic
(mesodermal segment) origin of the skele
tal deficiency as related to the axis of the
limb. The deficiency may occur trans
versely across the somitic extension into the
extremity, or longitudinally and so involve
the preaxial or postaxial somite of the limb.
O’Rahilly9 has proposed two main divisions
of skeletal deficiency: terminal, “where un
affected parts do not occur distal to and in
line with the deficient portion”, and inter
calary (that is, placed between), “where a
middle part is deficient, but those portions
proximal and distal to it are present”. In
the case reports to follow, the terminology
below (Table II) is used because of its
clarity, with the realization that it does not
include all congenital malformations en
countered such as syndactyly, lymphedema
and the hyperplasias.
T ran sverse term in al h em im e lia .— Partial
amputation of the extremity occurring
transversely at any level.

Unusual problems of this type occurring
in the foot are illustrated by the first two
cases. These were formerly termed con
genital amputation of the digits. Skin and
soft-tissue malformations coexist with the
skeletal deficiencies.
C a se 1.— Com plete adactylia (absence of
the toes).— G.V. (Fig. 1) was an infant with
acrocephalosyndactyly in whom the phalanges,
metatarsals and tarsal bones were also absent,
with the exception of the talus and calcaneus;
these deformities were demonstrated in radio
graphs taken at the age of 15 months. Distal
to the few tarsal bones was a soft-tissue mass.
There were associated congenital constriction
rings of the leg and ankle and a grossly en
larged leg and foot. At the ages of 13 and 15
months, Z-plasties were performed on the rings
without any significant alteration in the soft
tissue enlargement. The increased bulk of the
leg was due to fat only and no abnormal fluid
was encountered. The infant refused to bear
weight on this foot until fitted with a plastic
Syme-type prosthesis at the age of 2. Four
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Fig. l . —G.V. Adactylia with absence of metatarsals, cuneiforms and cuboid. Z-plasties
to associated congenital constriction rings did not relieve lymphedema. He has been tem
porarily fitted with a Syme-type prosthesis.

months later, he was unable to walk without
support. Eventually, he may require a Syme’s
amputation or stabilizing operation on the foot
if the tarsal bones deviate.

r

A

%

r
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C a se 2 .— Partial aphalangia; syn dactyly.—
C.G. (Fig. 2 ) , a 10-year-old girl, had hypo
plasia of the distal phalanx of the great toe
and was unable to extend the rudimentary
distal phalanx, although an extensor hallucis
longus tendon could be demonstrated. There
was a callus on the end of the plantar-flexed
distal phalanx. She also had associated con
genital constriction rings of the other toes
which were enlarged and disfiguring, and be
tween the phalanges there was a fenestrated
syndactyly (the middle phalanges were joined
by skin and a probe could be passed between
the skin web and the normal w eb). The ap
pearance and hygiene could be aided by Zplasties to the grooves and fenestrations.
Possibly, fusion of the interphalangeal joint of
the great toe would correct the plantar flexion
of the distal phalanx and would relieve the
callus, but an operation was declined.

Fig. 2.—C.G. A 10-year-old girl with a partial
adactylia of the great toe and associated congeni
tal constriction rings and fenestrated syndactyly.
A callus existed on the plantar-flexed distal pha
lanx of the great toe. The other toes are unsightly
and foot hygiene is difficult because of the syn
dactyly.
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Fig. 3.—T.T. Paraxial fibular hemimelia occurring in a boy aged 4M months. The
lateral two rays of the foot and the fibula were absent. The tibia had a pronounced
curvature. The foot was disarticulated at the ankle joint and a below-knee prosthesis was
fitted.

■
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Fig. 4b
Fig. 4.—R.A. Central terminal paraxial hemimelia. (a) At the age of 3 months, the
second and third rays of the right foot were absent with a medial angulation of the first ray.
The latter also had a short first metatarsal with the hallux in a severe varus position. In the
left foot, the third ray was absent and the second metatarsal was fused to a short and
hypoplastic first metatarsal. The hallux was in severe varus, (b) Radiographs taken two years
later after osteotomy of the first metatarsal of the right foot, and osteotomy and bone graft
to the first metatarsal of the left foot. The forefoot has been successfully narrowed on both
sides.

Paraxial terminal hemimelia—Complete
preaxial or postaxial loss distal to point of
deficiency.
C a se 3 . — Paraxial fibular hem im elia. (longi

tudinal hypoplasia o f fibular elem ents).— T.T.
(Fig. 3 ) , a boy, 4 fa months of age at the time
the accompanying photograph was taken,
was born with the lateral longitudinal variety
of deformity. Only the medial three rays and
the calcaneus were visible in the radiographs
at this time. The lateral two rays and the fibula
were absent, and the child had a short, severely
curved tibia on the affected side. The femur
was also shortened. There was also a complete
syndactyly of the left middle and ring fingers.
The limb could not be fitted satisfactorily with
a prosthesis and a disarticulation at the ankle
joint was performed at the age of 18 months.

Two months later the child was fitted with a
below-knee prosthesis with side joints and he
immediately began to bear weight.

Central terminal paraxial hemimelia.—
This is the “lobster-claw” or cleft-foot de
formity; it has also been called longitudinal
median hypoplasia. Various combinations of
deficiency of the central three metatarsals
and phalanges may exist.11 Of four cases in
this series, two involved a mother and her
daughter. The former had centrally angulated great and little toes, but neither had a
problem with the fitting of shoes. Another
child had bilateral unequal deficiencies
with a reduplicated great toe on one side.
The latter was reduced in size surgically,
and the cleft was partially obliterated by a
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Fig. 5.—K.B. A 5-year-old boy with acroce
phalosyndactyly and symphalangism of the toes.
The photograph illustrates the reversal of the
transverse metatarsal arch. At this age, the child
bore his weight on the head of the third meta
tarsal and he complained of pain. This reversal of
the arch might have been anticipated if the digits
had been separated by skin grafts at an earlier
age.

plastic skin maneuver which also narrowed
the splayed forefoot.
C ase 4.— R.A. (Figs. 4a and b ). In this boy
the central rays were absent bilaterally, and
he had a widening of the forefoot. At the age
of one year, an osteotomy o f the first meta
tarsal o f the right foot and an osteotomy and
bone graft to the first metatarsal of the left
foot were carried out. This successfully re
duced the width of the forefoot and allowed
him to wear a conventional shoe. A GriceGreen bone block was performed in his fifth
year to correct a valgus deformity o f the heel.

Syndactyly
It is generally conceded that surgery is
not indicated for syndactyly of the toes ex
cept as described by Davis and German1
and Paletta.2 However, if multiple digits
are webbed and particularly if the
phalanges and/or joints have failed to
separate, the forefoot may not expand
transversely with growth.
C ase 5. — Syndactyly. — Symphalangism
(phalanges are not separated and joints are
an kylosed ).— K.B. (Fig. 5 ) , a 5-year-old boy
with acrocephalosyndactyly and symphalang
ism of the digits of his hands and feet, had
undergone multiple operations between the
ages o f 1 and 2 years to separate the digits of
his w ebbed hands. The epiphyses in the regions
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of the interphalangeal joints o f the index and
middle fingers were united, and cartilage had
to be incised in order to separate the fingers.
At the age o f 5, it was observed that the
index and middle fingers had developed medial
and lateral angulation deformities respectively,
at the level o f the middle finger joint. At this
time he also began to complain of pain in the
region of the heads of the central three meta
tarsals. The latter were quite prominent, and
the transverse arch of the foot was reversed.
Undoubtedly this was due to fusion of the
skin and bone o f the adjacent digits of the
toes which would prevent the normal horizon
tal expansion of the forefoot with growth and,
indeed, had produced a reversal of the trans
verse arch. It is to be expected that painful
calluses will develop eventually under the
heads o f the second, third and fourth meta
tarsals. He will possibly require osteotomies at
the level o f the metatarsal necks or even ex
cision o f the metatarsal heads. If the syndactyly
had been relieved earlier, this reversal of the
arch might never have occurred. This is pos
sibly another indication for skin grafting in
syndactyly o f the foot, although it has not
been performed on this boy at the present
date.

Clinodactyly
This term simply means “bent fingers” .
It is usually used for congenital skeletal
malformations, but there are other condi
tions such as arthrogryposis multiplex con
genita in which deviated digits are encoun
tered and which may be included under
this heading. The medical literature does
not contain any reference to these deformi
ties when they occur in the toes and for
this reason the following case is presented.
C ase 6.— Bilateral clinodactylism of the
hands and feet.— L.P. (Fig. 6 ). At the age
o f 1 year this baby girl was first seen b e 
cause o f her toe deformities. She had been
under treatment for flexion deformities of the
elbows and knees and a pronounced scoliosis.
As well, she had long thin bones o f the ex
tremities and there was an element of blueness
in the sclera. It was uncertain whether this
was a case of arthrogryposis multiplex congen
ita, or an example of Marfan’s syndrome. Her
fingers were flexed and the thumbs were in the
thumb-clenched position (congenital clasped
thum b). A similar deformity was apparent in
the feet, the toes being flexed and angulated
(Fig. 6 ). It was also evident that the metatar-
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Fig. 6.—L.P. A 1-year-old girl with clinodactyly
of all the toes. Photographs demonstrate the in
creased length of the foot which has abnormally
long metatarsals. The fingers are similarly in
volved.

sals and phalanges were abnormally long. B e
cause of this increased length, the webs were
displaced distally, similar to an incomplete
syndactyly. In clinodactyly, Bunnell12 has sug
gested that the length of the bones exceeds
that of the tendons and so produces the flexion
deformities in the digits of the hands. This by
analogy would explain the flexion and valgus
deformities of the great toes in this child. It
is conceivable that the flexor hallucis longus
and the adductor hallucis tendons were rela
tively shortened by the increased length of the
digits and metatarsals. In the arthrogrypotic
hand, Barsky13a has demonstrated that absence
of the extensor pollicis brevis and attenua
tion of the extensor pollicis longus are factors
in producing the flexion deformity of the
thumb. However, this girl had long thin meta
tarsals and phalanges which complicated her
condition. Unfortunately, she died at the age
of 1% years from bronchopneumonia and no
autopsy was obtained. Before this it had been
considered that in the future she would bene
fit from a “reverse” Jones’ tenodesis or at
least a tenotomy of the flexor hallucis longus
and adductor hallucis tendons. The flexed and
rotated toes also would probably have required
fusions or phalangectomies at some future
date.
C a se 7 . — M acrodactyly (hyperplasia o f the
digits).— C.R., a 2-year-old boy, had an ab-
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Fig. 7.—R.S. Radiographs of both great toes
which illustrate the vams position that persisted
following excision of the lateral of bifid toes in
childhood. The distal phalanx of the left great
toe is in varus position and has a painful callus
beneath it. A remnant of the lateral distal phalanx
persists. Interphalangeal fusion was recommended
here. The right great toe has also a beginning
reduplication in the distal phalanx.

normally long fourth toe in the valgus position,
which created a problem in shoe-fitting and
gave a poor appearance to his foot. A partial
amputation was recommended immediately, or
shortening and fusion at a later date as recom
mended by Barsky13b for a macrodactyly of
the finger. T h e family elected the latter.
T o reduce the size o f th e toes, D u V rie s4b
has recom m ended total or p a rtia l p h alan gectom y as alternative trea tm en t fo r m a cro 
dactyly, b u t h e does n ot sta te a t w h at age
these m ay b e done.

Polydactyly
R ed uplication of one or m ore phalanges
usually involves the m edial o r la tera l digits.
Am putation o f the m ore d eform ed toe is
n ot always com pletely satisfactory. In the
little toe, a fte r am putation o f one o f the
reduplications, it has b ee n n oted th a t the
rem aining to e may b e in an u nd esirab le
valgus or varus position. In p atients o p er
ated upon subsequent to this o bserv ation ,
this developm ent has b een an ticip ated b y
plicating the collateral ligam en ts and the
extensor expansion w hich has to b e in cised
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Fig. 8a.—J.McC. These radiographs illustrate a supernumerary metatarsal lying
obliquely between the first and second metatarsals in a 13-month-old girl. There is an
attempted reduplication of the phalanges of the great toe, which lies in a varus position. Tire
forefoot is widened. At this age, the supernumerary metatarsal was excised.

Fig. 8b.—Radiographs at the age of 4 illustrate the straightening of the great toe
that has resulted from early excision of the supernumerary metatarsal; the forefoot is also
narrower.
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Fig. 8c.—Ordinary shoes are worn at this age,
although the right forefoot is still slightly wider
than the left.

to amputate one of the toes; this usually
corrects any persisting medial or lateral
angulation in the remaining digit. The foot
must be immobilized until the new liga
ments are stable. The same problem can
arise with reduplication of the great toe,
which DuVries40 has noted. Barsky13c has
also drawn attention to the same deviation
occuring after amputation of one of bifid
thumbs.
C ase 8.— B ifid great toe.— R.S. This man
had a left bifid great toe from which the
lateral distal phalanx had been removed in
childhood. The radiographs (Fig. 7) show the
varus deformity of the remaining distal pha
lanx, a remnant of the reduplicated distal
phalanx and a hypoplastic proximal phalanx.
He complained of a painful callus on the
remaining distal phalanx which was in varus
position. Fusion of the interphalangeal joint
would have alleviated this callus formation,
but was declined by the patient.

Multiple rays occur most frequently on
the medial or lateral side of the foot, but
may lie in any position and may be com
plete or incomplete. W hen the super
numerary ray is on the medial or lateral
border, amputation can produce a forefoot
of good shape and function. When the extra
ray lies ostensibly between normal rays, the
amputation may be followed by a persist
ent widening of the foot with the resultant
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dilficulty in fitting shoes. W hen this was
noted, a study was made of the literature to
determine if osteotomy of the adjacent dis
placed metatarsal had ever been advocated
or, at least, moulding of the forefoot with
casts, splints or corrective shoes, as in
metatarsus adductus. Apparently neither of
these have been done, but should be con
sidered. Whenever a supernumerary ray is
excised, excess skin and soft tissue should
be removed. This aids in reducing the fore
foot to normal dimensions by creating a
better space into which the deviated
metatarsal can be moved. It will be main
tained in this position by tension of the
closed wound and external pressure of the
splints or modified shoes. This excision of
the metatarsal, skin and soft tissue should
probably be performed before the child is
standing. T he foot should then be immobil
ized in a cast for from four to six weeks
until fibrous tissue of sufficient tensile
strength has formed betw een the heads
of the metatarsals creating new transverse
metatarsal ligaments. Corrective shoes
should b e worn both night and day until
the child is walking in ordinary shoes.
C ase 9.— J.McC. In this female infant, the
second toe was absent; there was partial syn
dactyly of the third and fourth toes and varus
deformity of the great toe, and a supernumer
ary metatarsal was lying obliquely between
the first and second metatarsal heads. The
extra metatarsal only was excised at the age
of 13 months (Fig. 8 a ) . At the age of 4 (Figs.
8b and c ), the child’s forefoot was wider than
the normal one, but much less comparatively
than in infancy. Ordinary shoes have always
been worn. If skin and soft tissue had been
excised too, the width might have been nor
mal. However, this child has no functional
problems.
C ase 10. — Two supernumerary rays (Figs.
9a and b) were present in the foot of this
baby (C .W .), and it was decided at the age of
eight months to amputate the most medial ray
and the hypoplastic third ray. In addition, skin
and subcutaneous tissue were removed from
the dorsal and plantar aspects so that the
forefoot was well narrowed. It was noted at
operation that the joint between the second
metatarsal and cuneiform was not as rigid as
it is normally and some flattening of the
transverse arch was expected when she
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Fig. 9a

Fig. 9b

assumed weight-bearing. A cast was applied
for a period of four weeks and a straight-last
shoe was fitted. The immediate postoperative
(Fig. 9c) photographs indicate a satisfactory
narrowing of the forefoot.
W hen amputating reduplicated pha
langes or digits, it is often difficult to decide
whether the cartilaginous head of the
phalanx or metatarsal, with which it articu
lates and which may project undesirably,
should be resected or not. These super
numerary digits usually have a joint of their
own or it is shared with the other super
numerary digit, and the metatarsal head
with which they articulate is commonly
widened, demonstrating an incomplete re
duplication of the metatarsal. If the head
of the phalanx or metatarsal is shaped sur

gically, some greater incision of the col
lateral ligaments and extensor expansion is
required for exposure. This may result in
an unstable joint and further angulation of
the remaining digit which is left after am
putation of the more deforming toe. It is
tempting to reshape this widened and pro
jecting metatarsal head which DuVries40
advocates, but generally this has not been
done for fear of interfering with growth
of the metacarpal.
C a se 11.— D.S. (Figs. 10a and b). This boy
had a wide forefoot with a supernumerary but
hypoplastic ray lying between the normal left
fourth and fifth metatarsals. The distal two
phalanges of the fifth ray were hypoplastic
and in a varus position. The supernumerary
ray was excised at 20 months of age. At the
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Fig. 9c
Fig. 9.—C.W. (a) Two supernumerary rays in an 8-month-old girl, (b) Radiographs

taken at the age of 8 months. Seven metatarsals are evident, but that of the shortened toe is
hypoplastic. The most medial metatarsal and its phalanges are also hypoplastic by comparison
with that of the right foot, (c) After amputation of the most medial and the hypoplastic meta
tarsal with their digits. At the same time, skin and soft tissue were removed to allow the great
toe to Ire displaced laterally and to narrow the forefoot. The hyperextension of the great toe
was due to movement while being photographed.
Conclusions
age of 11 years there was no significant differ

ence in the width of the forefoot in the stand
ing position (Fig. 10b). The only complaint
was the appearance of the hypoplastic little
toe.
In follow-up studies of other children
with a wide forefoot in infancy, it has been
noted that after excision of the hypoplastic
metatarsal, the forefoot can be narrowed
with growth and the wearing of shoes. In
these patients, osteotomy of the displaced
metatarsal does not seem to be necessary,
but probably straight-last shoes should be
worn until the width of the forefoot is
corrected. Where a widened forefoot has
persisted, so that E-width shoes are re
quired, usually the opposite and unin
volved forefoot is wider than average. In
such patients the difference in the width of
the feet standing has been noted as not
greater than Vs".

The classifications of Kanavel, Frantz
and O’Rahilly have been proposed for con
genital malformations of the forefoot. Other
malformations associated with adactylia
and paraxial fibular hemimelia may result
in amputation of the foot. Central terminal
paraxial hemimelia may require reconstruc
tion of skin and soft tissue, or osteotomies
to reduce the widening of the forefoot.
Skin grafting in syndactyly of the toes is
indicated if the toes are clumped, if they
are developing flexion deformities, or if
bone union of adjacent toes is preventing
horizontal expansion of the forefoot. Clinodactyly of the toes may be treated by
phalangectomy or fusion. Macrodactyly
may require partial amputation or shorten
ing and fusion of the interphalangeal joints.
After amputation of one of bifid toes, the
one remaining angulated toe can be
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brought to the midline position by plica
tion of the collateral ligaments. Angulation
deformities persisting at the interphalangeal
joint into adult life may require fusion.
Supernumerary rays may be excised, but
reduction of skin and soft tissue is also
necessary to narrow the forefoot to normal
dimensions. Osteotomy of angulated meta
tarsals at the same time has been con
sidered, but generally it is not necessary, as
splinting with casts and shoes will contri
bute to the correction of the widened fore
foot.
Incomplete separation of a reduplicated
metatarsal may be reduced surgically if the
head of the metatarsal projects abnormally.
R eferen ces
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Fig. 10b
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R esu m e
Dans cet article, les auteurs ont adopte la
classification de Kanavel et de Frantz et O’Rahilly
concernant les malformations congenitales de
l’avant-pied. Les definitions suivantes sont donnees:
amelie: absence totale de membre; hemimelie: ab
sence de la jambe et du pied; hemimelie partielle:
absence partielle de la jambe; apodie: absence du
pied; adactylie totale; absence des cinq orteils et
des metatarsiens correspondants; aphalangie: ab
sence des phalanges; phocomelie complete: le
pied se trouve rattache directement au tronc;
phocomelie proximale: la jambe et le pied sont
rattaches au tronc directement; phocomelie distale:
le pied est rattache directement a la cuisse; hemi

melie transverse: amputation d’une extremite survenant a n’importe quel niveau. Onze cas, illustrant
ces anomalies sont resumes: il s’agit d’une adactylie
complete; d’une aphalangie partielle avec syndactylie; d’une hemimelie du perone; d’un pied en
“pince de homard” (hemimelie terminale paraxiale); d’une syndactylie; d’une clinodactylie
(doigts deformes par une courbure); d’une macrodactylie; de quatre cas de polydactylie. Les traitements varient evidemment selon les conditions
rencontrees. Le traitement operatoire sera soit
l’amputation, soit l’excision, et devra generalement
etre associe a un traitement orthopedique postoperatoire. Les greffes cutanees seront d’une aide
certaine dans ces corrections.

NON-MALIGNANT LESION S OF THE CECUM
G. H. C. JOYNT, M .D., F .R .C .S .[C ],° Toronto

N on - m a l ig n a n t lesions of the cecum are

uncommon but occur more frequently than
published reports would indicate. The cor
rect diagnosis is seldom made preoperatively and most patients with these lesions
come to operation with the diagnosis of
appendicitis or carcinoma of the cecum.
The gross pathological findings may be mis
leading and the exact diagnosis is frequent
ly only determined when the specimen is
studied microscopically.

tomy. Treatment of these cases consisted of
invagination of the diverticulum and over
sewing. The pathological appearance of the
associated appendix was that of fibrosis in
one and fecalith of the appendix in the
other two.
Four patients showed evidence of inflam
mation associated with the diverticulum;
a right hemicolectomy was carried out
upon all of these patients. Figs, la and b
T A B L E I.— N on -M a l ig n a n t

M a t e r ia l

During the past 15 years, 20 patients
with non-malignant lesions of the cecum
have been encountered in the Toronto
Western Hospital (Table I). Of the 20 pa
tients, 19 were operated upon and one
patient came to autopsy. In all of the cases
the lesions were confined to the cecum and
were not part of a generalized disease.
Pathological material from the cecum or
appendix was obtained in 16 of the 20
patients; in seven a right hemicolectomy
was carried out.
Diverticulum and Diverticulitis of the
Cecum
These two lesions were the most fre
quently encountered conditions in the
series. Three solitary diverticula of the
cecum, which showed no clinical evidence
of inflammation, were found at appendec‘’Toronto Western Hospital, Toronto.

C ecum

in

L e s io n s
20 P a t ie n t s

of

the

N o. o f patients
Diverticulum and diverticulitis..................................
Regional enteritis.............................................................
Lipom a.................................................................................
Perforation of cecum from foreign body................
Enterolith of cecum.........................................................
Endometriosis....................................................................
Simple ulcer........................................................................
P olyp .....................................................................................
Inverted stump of appendix.........................................

7
3
2
2
2
1
1
1
1

illustrate the gross and microscopical ap
pearances in one of these patients. An in
flammatory lesion was suspected in a 40year-old man with a mass in the right
lower quadrant. The roentgenogram (Fig.
2a) suggested the possibility of a malignant
lesion. The gross and microscopical find
ings on pathological examination, however,
(Fig. 2b) showed a diverticulum with an
edematous wall containing many acute and
inflammatory cells, which had perforated
into an abscess cavity in the posterior ab
dominal wall.
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Fig. I.—(a) Diverticulitis of cecum, (b) Photomicrograph
of diverticulitis of cecum.
Regioiml Enteritis of the Cecum

In three patients with regional enteritis
of the cecum, the preoperative diagnosis
lb
was carcinoma in one, an appendiceal mass
in the second and in the third an inflamma
tory lesion was suspected. The last two and vomiting and fever up to 103° F. The
leukocyte count was 19,500/c.mm., and ex
patients had interesting case histories.
amination revealed a large tender mass in the
right
lower quadrant. This young man had had
C ase 1.—A 29-year-old male Italian immi
an operation in Italy two years previously, and
grant was admitted with a history of right the
appendix was said to have been removed.
lower quadrant pain of nine days’ dura
family physician who had been trained in
tion. The pain was associated with nausea The
Italy was somewhat doubtful about the opera
tion and suspected that the area had been
drained without removing the appendix. After
observing the patient for 24 hours, the fever
Fig. 2.—(a) Barium enema showing large bowel in
a 40-year-old man with diverticulitis of cecum, (b)
Photomicrograph of diverticulitis of cecum.
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3b
Fig. 3.—(a) Crohn’s disease of cecum, (b) Photomicro
graph of Crohn’s disease of cecum.

3a
and leukocytosis persisted and the operation
was carried out with the preoperative diag
nosis of appendiceal abscess or an abscess
occurring about an appendiceal stump. At
laparotomy, the peritoneal cavity contained
200 c.c. of clear yellowish fluid, and a large
mass was present in the region of the cecum
with large firm nodes in the adjacent mesen
tery. Clinically, the tumour appeared to be
carcinoma and a right hemicolectomy was car
ried out. Subsequently, we were able to es
tablish that the appendix had been removed
in Italy and was grossly normal. No patho
logical report on the appendix was available,
but no evidence of gross disease was noted in
the cecum or the terminal ileum when it was
removed. Figs. 3a and b show the gross and
microscopical findings in this case.
The pathological specimen consisted of a
portion of terminal ileum measuring 11 cm. in
length together with the cecum, and 20 cm.
of ascending colon. The wall of the portion of
terminal ileum for a distance of 9 cm. from
its line of resection appeared grossly unremark
able. The region of the cecum and ileocecal
valve was composed of a firm greyish to
yellowish-pink mass which was quite smooth
externally but somewhat lobulated and cov
ered in some areas by fibrinous exudate. Adja
cent to this, in the mesentery in the region of
the angle between the terminal ileum and
ascending colon, there was a mass of firm to
rubbery lymph nodes which appeared to taper
off into the mesentery and measured 5.5 x 2.5

x 2 cm. The ascending colon externally ap
peared unremarkable. No appendix was noted.
On opening the bowel, the mucosa of the
terminal ileum was unremarkable except for
some slight increase in submucosal edema. In
the region of the ileocecal valve the walls
appeared thickened and the mucosa of the ad
jacent cecum seemed somewhat friable and
thickened by pinkish-grey tissue. T he wall of
the cecum in this region measured up to 2.5
cm. in thickness. Beyond this, the mucosa of
the cecum, ascending colon and portion of
transverse colon exhibited some edema but
was otherwise unremarkable. Present in the
mesentery in the region of the ileocecal valve
was a mass of matted firm yellowish-grey
lymph nodes.
The histological appearances, taken as a
whole, were compatible with those seen in a
rather acute form of regional enteritis involv
ing the cecum and ileocecal valve.
C a s e 2.— A 23-year-old woman had chronic
pain and a palpable mass in the right lower
quadrant. When she was first seen in 1961,
barium studies of the gastrointestinal tract
suggested an inflammatory lesion in the cecum
(Fig. 4a). At that time, the patient refused
to be admitted to hospital and continued to
have intermittent lower abdominal pain. On
re-examination in May 1963, the mass in the
right lower quadrant was approximately the
same size and there were no other significant
findings. Laparotomy was carried out on May
14, 1963, and a small mass (Fig. 4 b ) was
found in the cecum. The cecum was resected
and anastomosis was carried out between ter
minal ileum and ascending colon.
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The specimen consisted of a terminal por
tion of ileum, appendix and cecum and a
portion of the ascending colon. The terminal
portion of ileum measured approximately 11
cm. in length. The mucosa and wall of the
small intestine was grossly unremarkable. The
cecum was small and contracted. The wall
measured 1 cm. in its widest portion; it was
firm in consistency but well delineated from
the underlying attached portion of mesentery.
The mucosal surface was unremarkable. The
appendix measured 4 ¥2 cm. in length. Its lu
men appeared to be obliterated by fibrous
tissue. The attached portion of the ascending
colon measured 8 cm. in length. The mucosal
surface and wall were grossly unremarkable.
A few small nodes were found in the attached
portion of mesentery and these were grossly
unremarkable.
On microscopical examination, sections of
the cecum showed thickening of the wall and
extensive replacement of the submucosa by
cicatrix and granulation tissue. In some areas,
the mucosa was absent and granulation tissue
formed the bases of shallow ulcerations or the
area was covered by a single layer of pseudostratified columnar epithelium. Chronic inflam
mation involved all layers of the cecal wall.
The mesentery adjacent to the large intestine
and appendix also exhibited considerable in
flammation. In addition, granulomata were
seen in these areas in which numerous multinucleated giant cells were noted. There was
also hyperplasia of lymphoid tissue, this being

especially apparent in and around the appen
dix. There was no evidence of malignancy in
the sections examined, and the lines of surgical
resection appeared to be free of disease. In the
opinion of the pathologist the lesion repre
sented regional enteritis of the cecum (Crohn’s
disease).

4

\

Lipoma of the Cecum
T w o cases of lipom a of the cecum were
found in women and th e barium enem a in
bo th cases showed a polypoid mass on
radiographical exam ination (Fig. 5). One
patient with intussusception underw ent a
right hem icolectom y, and a lo cal excision
of the lipoma was carried out on the second
patient.

\
1
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Perforation of the Cecum from Foreign
Body
F oreig n bodies caused perforation of the
cecum in two patients. A 44-year-old man
was adm itted w ith a typical history and
physical findings o f appendicitis. A t opera
tion a fish bone was found penetrating the
w all o f the cecum , producing an area of
inflammation in the cecal w all w ith local
peritonitis. This was treated b y oversewing
the area and suturing on a patch o f omen
tum. T h e patient had an uneventful recov
ery. T h e second patient was an 89-year-old
man who was adm itted to hospital in shock

t
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Fig. 6.—Photomicrograph of endometriosis of
cecum.

5a

5b
Fig. 5.—Roentgenograms of lipoma of cecum.

with generalized peritonitis and died two
hours after admission. At autopsy, there
was a 2 cm. slit-like elliptical perforation
of the cecum approximately 4 cm. from the
ileocecal valve. On opening the cecum, two
plum stones were found lying in close prox
imity to the perforation.
Enterolith of the Cecum
Two patients had large fecaliths of the
cecum which were palpable on physical
examination. In the first a barium enema
was performed which showed a large filling
defect and the diagnosis of carcinoma was
made by the radiologist. In both cases
cecotomy was carried out and the large
fecaliths were removed.
Endometriosis
Endometriosis was found in a 48-year-old
woman, who had an appendectomy and
right oophorectomy in June 1954. About

one month later she developed crampy ab
dominal pain associated with nausea and
vomiting. The barium enema showed no
abnormality but barium did not enter the
terminal ileum on the first occasion. On a
repeat examination however the barium
was forced through the ileocecal valve with
pressure over the cecum. She experienced
considerable discomfort during the exam
ination and the terminal ileum appeared
dilated, suggesting obstruction at the ileo
cecal valve. Laparotomy was carried out
and a mass about 6 cm. in diameter was
palpated in the cecal wall in the region of
the ileocecal valve. The patient was treated
by means of a right hemicolectomy and
microscopical examination revealed endo
metriosis of the cecum (Fig. 6).
Simple Ulcer of the Cecum
A 22-year-old man was admitted with
pain in the right lower quadrant associated
with anorexia and nausea. Appendectomy
was recommended and on exploring the
cecum an ulcer was palpated close to the
ileocecal valve. The appendix was removed
and was found to contain fecaliths, but
there was no evidence of inflammatory re
action in the appendix. A cecotomy was not
carried out but the clinical diagnosis of
simple ulcer of the cecum was made on the
gross findings. The exact pathology in this
case was not determined and this may have
been diverticulitis in a solitary diverticul
um.
Polyp of the Cecum
A 15-year-old boy had an attack of acute
appendicitis and at operation an acute sup
purative appendix was removed. During
the operation a polyp of the cecum was
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Fig. 7.—Roentgenogram of inverted stump of
appendix.

noted approximately 2.5 cm. from the ileo
cecal junction and was removed. The polyp
measured 1.5 cm. at its widest diameter
and on microscopical examination super
ficial ulceration was noted, with infiltration
by acute inflammatory cells.

Inverted Stump of the Appendix
A polyp of the cecum was suspected in
a 48-year-old man who gave a history of
vague abdominal pain associated with
occult blood in the stool. A barium enema
was carried out on three occasions over a
period of several months and a filling de
fect was noticed on each occasion (Fig. 7).
At laparotomy, a cecotomy was carried out
and the small polypoid lesion was found to
be an inverted stump of the appendix.
Biopsy of the area showed normal cecal
mucosa.
D isc u ssio n

In the early stages, lesions of the cecum
(malignant and non-malignant) are fre
quently asymptomatic and marked anemia
may occur before the cecal lesion is sus
pected. Obstruction is rarely a factor be
cause of the liquid nature of the stool and
the wide diameter of the bowel. Inflamma
tory lesions frequently are associated with
appendicitis or its complications. Puestow
and Wheeler13 state that the symptomatol
ogy and physical findings in disease of the
cecum are less diagnostic than in other
parts of the gastrointestinal tract.
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Although diverticulitis is frequently en
countered in the colon, the lesion is un
common in the cecum. This condition was
first described in 1912 by Potier,12 but has
been reported with increasing frequency
since that time. The diverticulum is en
countered most frequently on the antero
lateral aspect of the cecum,9 as in three
cases in our series, but occasionally a soli
tary diverticulum may be present on the
posterior surface. Inflammation, ulceration,
hemorrhage, perforation or abscess forma
tion may develop in the diverticulum. The
etiology of diverticulitis of the cecum is
generally considered to be inflammation in
a congenital diverticulum.11 The diverticu
lum may protrude above the serosal sur
face and as a result may be recognized
readily as an inflamed finger-tip-like projec
tion above the bowel wall. Lauridsen and
Ross8 considered an impacted fecalith was
the causal agent in 50% of cases of diver
ticulitis of the cecum. According to
Greaney and Snyder,6 who reviewed 273
cases in 1957, approximately 33% of these
cases of cecal diverticulitis are due to hid
den diverticulum. The diverticulum has its
entire length within the wall of the bowel,
and does not extend beyond the outer sur
face of the serosa. Thus the major inflam
matory reaction is in the serosal layer
which produces a firm and fairly circum
scribed mass from 2 to 6 cm. in diameter.
In seven cases of diverticulitis of the cecum
reported by Inglis and Hampson,7 two
showed an acute inflammatory reaction,
three showed ulcerative lesions, one had a
subsiding inflammation and the remaining
patient had chronic inflammation.
Regional enteritis may occur in either
the small or large bowel. Involvement of
the cecum and terminal ileum may produce
a mass in the right lower quadrant, but
when the lesion is confined entirely to the
cecum the diagnosis is difficult. Regional
enteritis of the large bowel is usually asso
ciated with a lesion in the small bowel.
Crohn and Yannis4 in a review of 600 cases
of regional enteritis stated that it may in
volve the large bowel in 5% of cases.
Brooke and Cooke2 believed that the initial
lesion may occur in the large bowel and
subsequently involve the small bowel. In
the three cases reported in this series, there
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was no gross involvement of the small
bowel, and microscopical examination of 6"
of terminal ileum in the specimen showed a
normal microscopic pattern. All of the pa
tients remained well with no recurrence
after operation, the first patient being seen
six years after resection and the last patient
one year.
Benign tumours of the cecum, including
adenomatous polyps, lipomas, endometriomas, leiomyomas and enterocytomas, are
uncommon. Roentgenograms may be help
ful1 but it may be difficult to exclude prom
inent ileocecal valves (Fig. 8), resinous
fecal masses, submucous lipomas and de
fects from adjacent inflammatory neoplastic
masses in the appendix.14 Lipomas of the
cecum are usually submucous and solitary.
They may cause intussusception and small
bowel obstruction, as occurred in one pa
tient in this series.
A large inverted appendiceal stump may
create a problem in diagnosis. The stump
may persist as a bulbous mass in the lumen
of the cecum. Blood in the stool or intus
susception may result. W eber and G ood15
stated that the inverted stump of the ap
pendix may be one of the most trouble
some problems encountered by the radiol
ogist.
Simple ulcer of the cecum is an uncom
mon condition which may be confused with
inflammation of a cecal diverticulum. Soli
tary ulceration has been described as a
punched-out ulcer penetrating the muscle
coat of the bowel, often associated with an
inflammatory mass. The site of the ulcer,
which is usually situated close to the ileo
cecal valve, suggests a common etiology
with inflammation in a solitary diverticu
lum.
Acute simple ulcer o f the cecum was
first described by Cruveilhier3 in 1829. Its
etiology is unknown but it is stated that
about 50% of all simple ulcers of the large
bowel occur in the cecum.® In 1960,
Williams16 reviewed the literature and col
lected 68 cases. At that time he reported
seven cases in which the clinical diagnosis
of simple ulcer of the cecum was made on
palpation and inspection through a cecotomy. On microscopical examination the
ulcer was found to originate in an inflamed
diverticulum in six cases with only one
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Fig. 8.—Roentgenogram of prominent ileocecal
valve lips.

proved case of simple ulceration of the
cecum in his series. McKelvie11 in 1961
reported a very large series of 17 cases
from the Glasgow Royal Infirmary, of
which 11 were proved by excision or at
postmortem. In two patients a right hemi
colectomy and in eight a partial cecectom y
were carried out. One case in M cKelvie’s
series showed either regional enteritis or
tuberculosis on microscopical examination.
The diagnosis in the remaining six cases
was made by biopsy. Before McKelvie’s
report in 1961, solitary ulcer o f the cecum
was considered to be a rare condition and
usually only individual case reports were
found in the literature. The lesion may be
more common than has been reported, but,
as pointed out by Williams,16 it must be
carefully differentiated from inflammation
in a solitary diverticulum. The gross patho
logical findings as shown in Fig. 2a sug
gested an ulcerative lesion of the cecum
without diverticulitis, but the microscopical
findings showed a diverticulum with in
flammation. A simple biopsy from the edge
of the lesion may lead to an erroneous di
agnosis.
Su m m a r y

A series of 20 cases of non-malignant
lesions of the cecum has been presented.
The diagnosis is difficult but it should be
considered in bizarre abdominal pathology.
The gross characteristics of diverticulitis
and regional enteritis o f the cecum may
resemble carcinoma, and local excision
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with quick section is advocated whenever
possible.
Simple ulcer of the cecum is an uncom
mon condition and may be confused with
ulceration caused by an inflamed divertic
ulum. The site of the ulcer, which is usually
situated close to the ileocecal valve, sup
ports a common etiology of inflammation
and ulceration in a solitary diverticulum.
A biopsy from the edge of the ulcer may
lead to an erroneous diagnosis.
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acute diverticulitis of the caecum and
ascending colon, Brit. J. Surg., 47: 351,
1960.
R esum e

Les lesions non malignes du cascum ne sont
que peu frequentes. Le diagnostic Clinique exact
n'en est que rarement fait, et generalement, on
pense a une appendicite chronique ou a un can
cer du cascum; dans le cas d une tumeur benigne,
ce diagnostic n’est souvent possible que par
l’examen microscopique. L'auteur presente ici une
etude statistique qu’il a effectuee sur un groupe
de 20 cas, observes dans les 15 dernieres annees
au Toronto Western Hospital”; le diagnostic exact
fut confirme, soit a l’intervention (19 cas), soit
a l’autopsie (un cas). Neuf types d’affections sont
ainsi decrits. (1) Diverticulose et diverticulite du
cascum; il s’agit la de l’etat pathologique le plus
frequemment rencontre. On trouve ainsi trois cas
de diverticulose simple du caecum: un seul large
diverticule est decouvert, asymptomatique, lors
d’explorations pour appendectomie; l’appendice
fut enlevee, et le diverticule traite par enfouissement suivi de suture en bourse. Dans quatre cas,
on trouva un diverticule enflamme et une hemicolectomie fut effectuee; l’anatomie pathologique
ne montra cependant rien d’autre qu’une diver
ticulite. (2) Enterite localisee au cascum. On en
trouve trois cas; dans le premier le diagnostic
clinique fut, carcinome; dans le second, appendi
cite; et dans le troisieme, lesions inflammatoires.
(3) Lipome du caecum. II en existe deux cas chez
lesquels l’examen radiologique (lavement baryte)
mit en evidence une masse polypeuse. Un des cas
fut traite par hemicolectomie, l’autre par simple
excision de la masse adipeuse. (4) Perforation
du cascum due a un corps etranger. Deux cas sont
releves. La perforation etait provoquee chez le
premier par une arrete de poisson, et par des
noyaux de prunes chez le second. (5) Enterolithes
du cascum. Egalement deux cas. Le diagnostic fut
fait lors de l’intervention; une cascostomie permit
l’ablation de ces calculs fecaux. (6) Endometriose
cascale. Un seul cas seulement est decouvert. C’est
celui dune femme de 48 ans, ayant subi anterieurement une appendectomie avec ovariectomie.
Cliniquement, elle souffrait de nausees et de douleurs a forme de crampes dans la region de la
fosse appendiculaire; le lavement baryte montra
un blocage au niveau du caecum. Une laparotomie
permit de pratiquer une hemicolectomie. (7)
Ulcere simple du caecum. C’est le cas d’un homme
de 22 ans, ou la pathologie exacte n’est pas precisee. (8) Polype cascal. Ce fut une trouvaille de
hasard chez un garpon de 15 ans, lors de l’ablation
d’un appendice suppure. (9) Inversion de l’appen
dice. C’est une eventuality rare (un seul cas).
Tous ces cas montrent que le diagnostic differentiel est des plus difficiles. II y a lieu de penser a
ces possibility dans les syndromes abdominaux
cliniquement bizarres.
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VOLVULUS OF THE SMALL AND LARGE INTESTINE:
DIAGNOSIS AND MANAGEMENT®
E. LETVVIN, M.D., L. B. COSTOPOULOS, M .D. and W . C. MacKENZIE, M .D., C.M.,
M.S., F.R.C.S.fC], F.A.C.S., F .R .C .S .(H on .), Edmonton, Alta.
T h is study concerns 58 patients with vol
vulus of the small and large intestine en
countered over a 15-year period at the
University of Alberta Hospital, Edmonton.
The diagnosis in each case was proved
surgically or confirmed at postmortem.
Twenty patients had a volvulus of the
small intestine, and 38 had volvulus of the
colon.

V olvulus

of the

Sm a ll I ntestine

Nine of the 20 patients with small bowel
volvulus were under two years of age. The
average age of the adult patients was 47
years. Fourteen patients were male and six
were female.

Etiology
Abnormalities of intestinal rotation and
associated congenital bands accounted for
volvulus of the small intestine in five in
fants. Jejunal atresia, intussusception and
adhesions were other etiological factors.
In adults, adhesions caused twisting of
small bowel loops in five instances. All had
had previous abdominal surgery. Three pa
tients had an abnormally long small bowel
mesentery with a narrow base, and one
patient had a Meckel’s diverticulum that
predisposed to torsion.

Diagnosis
Nineteen of the 20 patients with volvulus
of the small intestine presented as acute
abdominal emergencies. The symptoms and
signs were those generally seen with small
bowel obstruction. Nausea and vomiting
occurred in 16 patients, abdominal pain in
12, and abdominal distension in 10. Ten
derness and rigidity were marked in seven
patients and, of these, three exhibited gan° From the Department o f Surgery, University of
Alberta Medical School and University Hospital,
Edmonton, Alta.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Quebec, January 1964.

grene. T w o patients had a palpable ab
dominal mass, and in two patients with
massive volvulus, signs of shock were
prominent. Recurrent intermittent lower
abdominal pain with periodic vomiting
was experienced in one instance. At lapar
otomy, exploration revealed a fistulous
tract between two loops of twisted ileum.
Roentgenological examination was car
ried out in 19 of 20 patients. On 12 occa
sions definite radiological evidence of small
bowel obstruction was demonstrated. Pre
operative diagnosis of volvulus of the small
intestine cannot readily be made radiologically since the findings are often similar to
those of simple mechanical obstruction. In
children with congenital abnormalities,
when volvulus occurs at the duodenojejun
al junction, plain films of the abdomen
show marked gaseous distension of the
stomach and duodenum, with air-fluid
levels in the upright projection. Barium
enema examination is important since the
demonstration of the cecum and ascending
colon in an abnormal location may indicate
that the obstruction of the small bow el is
due to volvulus associated with failure of
rotation. Gastrografin, a water-soluble con
trast medium, when given orally may also
assist in demonstrating the abnormality.1
In adults with small bow el volvulus,
plain films of the abdomen may show free
intraperitoneal fluid separating the intes
tinal loops. The twisted coils contain more
fluid than those in simple obstruction and
are manifest as long, broad, dense bands
with prominent mucosal folds. W hen num
erous small bowel coils are involved, the
obstructed loops are visualized in an un
usual arrangement on either side of the
abdomen. The jejunal loops with circular
folds are placed on the right side and the
smooth-walled ileal loops on the left (Fig.
1). This suggests 180° of torsion.2 The
colon is never distended in the presence of
a small bowel volvulus, provided no ob 
struction o f the colon exists.
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Fig. 1.—Supine view showing jejunal loops to
the right. Operation revealed volvulus of the small
bowel with 180° rotation.

Treatment
In 19 patients, an emergency operation
was necessary for relief of acute small
bowel obstruction. Reduction of the vol
vulus was the primary surgical procedure
performed in 12 patients. In five, congenital
or adhesive bands were freed before the
torsion was relieved. Seven patients ex
hibited gangrenous changes in the bowel
and mesentery. In all patients with small
bowel gangrene, acute symptoms were
present for 36 hours or more. Resection of
the non-viable bowel was performed as
soon after admission as the patient could
be prepared for operation. In one patient,
an exploratory laparotomy was carried out
because of recurrent abdominal pain and
vomiting. A fistulous tract was found be
tween twisted loops of bowel. Dismantling
of the loops, reduction of the volvulus, and
closure of the fistulous openings were car
ried out with recovery.

Fig. 2.—Bag-type volvulus of the cecum with
one long fluid level in the upright position.

grene of a loop of ileum was found, and
resection was carried out with subsequent
recovery. The second patient was an adult
who initially had a massive volvulus re
quiring resection because of gangrene.
Two weeks later, volvulus of a small bowel
loop occurred over an adhesive band,
which was successfully relieved by opera
tion.
Four patients died.
Three deaths
occurred in infants within 48 hours after
extensive resection of gangrenous bowel. A
62-year-old man died of peritonitis two
days after massive resection of non-viable
intestine.
V olvulus of the L arge I ntestine

Results
Fourteen patients recovered unevent
fully. Tw o patients developed recurrent
bowel obstruction after surgical treatment.
An 18-month-old child required early re
operation for recurrent volvulus owing to
adhesions. At the second laparotomy, gan-

The large intestine was the site of 38
volvuli. The sigmoid colon was involved
in 25 patients, and in 13, volvulus of the
cecum occurred. Twenty-three patients
were female, and 15 were male. The aver
age age was 56 years. Two of the patients
were mentally ill.
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Fig. 3.—Loop-type volvulus of the cecum with two long fluid levels.
Etiology

ent. Three patients also had gross rectal
bleeding. Of the patients with acute symp
toms, 14 had a sigmoid volvulus and 12
had cecal involvement.
Eleven patients with sigmoid volvulus,
and one with cecal torsion, had chronic
symptoms consisting of intermittent ab
dominal pain and distension, and chronic
constipation. The duration of symptoms
varied from several weeks up to 30 years.

An abnormally long mesentery was de
scribed in 10 patients with sigmoid volvu
lus, and in five with volvulus of the cecum.
Five patients developed volvulus of the
sigmoid colon or cecum owing to adhesive
bands and, of these, three had undergone
previous abdominal surgery. Sigmoid vol
vulus associated with a megacolon occurred
once, and a 24-year-old patient with a
cecal volvulus had a typical non-rotation
anomaly. In 11 patients with sigmoid vol
Findings
vulus, and in five with cecal torsion, no Roentgenological
Roentgenological examination was per
definite etiological factors were encoun formed
in 35 of the 38 patients with vol
tered.
vulus of the large intestine. The correct
diagnosis was made in 19 instances; of
Symptoms and Signs
these, 13 had sigmoid volvulus and six had
Twenty-six patients presented with acute volvulus of the cecum. Radiologically,
symptoms of bowel obstruction. Crampy volvulus of the cecum is divided into two
abdominal pain, nausea and vomiting, and groups: (a) the bag type with axial torsion,
abdominal distension were commonly pres (b) the loop type in which the ileum is
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Fig. 5.—Volvulus of the sigmoid colon with
fluid levels in the upright position.

Fig. 4.—Volvulus of the cecum. The barium
enema shows a cone-shaped obstruction with
spiral mucosal folds at the point of the rotation.
The barium did not enter the markedly distended
cecum, outlined by the arrows.

twisted around the colon. The differentia
tion can be made with an upright plain
film, which usually shows one long fluid
level in the bag type (Fig. 2), and two
fluid levels in the loop type (Fig. 3).
Generally, the plain film of the abdomen
reveals a markedly distended cecum with
a small bowel loop lying to its right. The
dilated cecum may be found in any part
of the abdomen, but is most often situated
in the epigastrium and the left hypochondrium. A barium enema is sometimes
necessary to establish the correct diagnosis.
This roentgenogram will show a coneshaped obstruction with spiral mucosal
folds at the point of rotation. The barium
usually fails to enter the distended cecum
(Fig. 4).
Radiologically, a cecal volvulus may be
confused with other dilated viscera, and
differential diagnostic points must be con
sidered. A cecal volvulus may simulate a
dilated stomach if the cecum lies in the left

upper abdominal quadrant. If a separate
gastric shadow is not seen and the appear
ance is suggestive of gastric dilatation, as
piration or the administration of methylglucamine diatrizoate (Gastrografin) will
resolve the confusion. An obstructing lesion
of the left colon, with a markedly dilated
cecum, may mimic cecal volvulus, However, the presence of gaseous distension of
the colon down towards the stenosis should
prevent misinterpretation, and a barium
enema will in most cases give confirmatory
evidence of the obstructed site.
Classically, on plain abdominal films,
cases of sigmoid volvulus show marked
gaseous distension of the sigmoid flexure,
which usually points to the left side of the
pelvis and may extend to the edge of the
liver or diaphragm. Fluid levels may be
demonstrated in the erect or lateral decu
bitus positions. If fluid levels are double
(Fig. 5), the diagnosis of volvulus may be
established with a fair degree of certainty.
The suspected diagnosis of sigmoid volvu
lus can easily be confirmed by barium
enema. Barium enema examination shows
intestinal obstruction with abrupt narrow
ing of the lumen, characteristic corkscrew
like arrangement of the mucosal folds, or
the typical bird-beak deformity (Fig. 6).
Treatment
In the presence of acute cecal volvulus,
sigmoidoscopic examination was not re-
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markable. In patients with acute sigmoid
volvulus, this examination proved to be a
valuable diagnostic and therapeutic ma
neuver. In seven of the 14 patients with
acute volvulus of the sigmoid colon, the
distended closed loop was effectively de
compressed with a sigmoidoscope and rec
tal tube. Successful decompression was ac
companied by a sudden outrushing of gas
and fecal matter as the sigmoidoscope
passed the point of obstruction. When sigmoidoscopic decompression was unsuccess
ful, the rectal tube was left in at the site
of obstruction and was then used to deflate
the volvulus at the time of laparotomy.
Surgical treatment was carried out in 12
of the 13 patients with volvulus of the
cecum, and all except one required emer
gency laparotomy. In five patients, the
twisted cecum was carefully unwound, and
was then sutured to the lateral abdominal
peritoneum to minimize the chance of re
current volvulus. Although this technique
has been used successfully in very sick pa
Fig. 6.—Barium enema showing the typical
tients, it does carry some risk of needle bird-beak deformity characteristic of volvulus of
perforation of the acutely distended and the sigmoid colon.
ischemic cecum, even after decompression.
In four patients, only relief of torsion was formed in 10 patients. Most of the patients
undertaken. Tube cecostomy was added in in this group were poor operative risks
three of these patients, and needle decom who had undergone emergency laparotomy
pression was utilized once. All four patients for acute large bowel obstruction. In three
were gravely ill, and only the simplest of patients, after the sigmoid volvulus was
life-saving procedures was warranted at the decompressed and untwisted, plication and
time of laparotomy. Resective procedures widening of a long narrow mesentery was
were carried out on three occasions even performed. In this way, some fixation of
though the twisted cecum was viable. an abnormally mobile sigmoid colon was
Right hemicolectomy was the operation achieved without compromising the blood
performed in all three cases. Resection of supply.
the right colon is a major surgical pro
cedure which carries a significant mortality
Results
and complication rate. Therefore, resection
Nine patients treated surgically for vol
of a viable cecum in the presence of volvu
vulus
of the cecum responded favourably
lus should be reserved for young, other
wise healthy patients with recurrent epi and were discharged from hospital symp
sodes, and particularly if reoperation is tom-free. One patient who had a cecal
volvulus untwisted developed recurrent
required.
Resection of the involved bowel was abdominal pain but responded satisfactor
carried out in 12 patients with sigmoid ily to conservative management. Two
volvulus. In 10 patients with recurrent or deaths occurred after surgical treatment.
subacute symptoms, resection of the vol One uremic patient with severe hyper
vulus-prone sigmoid colon was performed tension and nephrosclerosis died on the
as an elective procedure. A Mikulicz’s ob eighth postoperative day after reduction of
structive resection was carried out twice. the volvulus and cecostomy. The second
Untwisting of the volvulus only was per- patient, age 86, had a non-fatal pulmonary
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embolus in the early postoperative period
and died of congestive heart failure two
months after the untwisting of the loop and
tube cecostomy.
Eighteen patients treated surgically for
volvulus of the sigmoid colon were dis
charged from hospital without symptoms.
Three patients who had simple relief of
torsion and decompression during the
acute phase developed recurrent symp
toms within two months of the first opera
tion. This would certainly emphasize the
necessity of carrying out a secondary re
section unless contraindicated by concom
itant disease. Two patients responded tem
porarily to conservative management and
a third had an anterior resection for re
current volvulus. Four patients died in the
immediate postoperative period after surgi
cal treatment for volvulus of the sigmoid
colon. Two of these were moribund on ad
mission. Simple release of obstruction and
decompression were instituted in both
cases. At postmortem, gangrenous bowel
was present in one patient, and the other
died without evidence of gangrene. Two
other patients died after resective pro
cedures were carried out. A 72-year-old
man died on the fourth postoperative day
owing to peritonitis after resection of a
megacolon with volvulus. An 81-year-old
woman died one week postoperatively
after dehiscence of the colostomy had
occurred.
The overall surgical mortality for vol
vulus of the large intestine was 15.8%.
Two of these patients with cecal volvulus
had severe concomitant cardiovascular dis
ease and their deaths were not directly
attributed to surgical treatment. The cor
rected operative mortality is therefore
11 %, and compares favourably with a mor
tality rate of 13% reported by Burns3 for
a series of 22 patients.

The colon was the site of 38 volvuli; 25
patients had volvulus of the sigmoid colon
and 13 had cecal torsion.
The majority of patients with volvulus
of the small intestine presented clinically
with abdominal pain, distension and vomit
ing. Simple relief of torsion and freeing of
adhesive bands was the most common
operative procedure in the absence of gan
grene. Resection was performed only when
the involved portion of small bowel was
no longer viable.
Twenty-six patients with volvulus in
volving the colon presented with acute
symptoms of large bowel obstruction.
Twelve patients experienced chronic symp
toms of intermittent abdominal discomfort
and constipation. Resective procedures
were frequently employed in patients with
recurrent or chronic symptoms.
Volvulus of the small intestine consti
tutes a serious, acute abdominal emer
gency. Reduction of the volvulus is the
procedure of choice, but if gangrene is
present, resection is mandatory.
Cecal volvulus is best treated by relief
of torsion, decompression and fixation in
poor-risk patients. Resection is indicated in
the presence of gangrene. It may also be
performed with reasonable safety when
the bowel is viable in young well-nour
ished patients, and is particularly applic
able to secondary procedures.
Sigmoidoscopic examination with an
attempt to decompress the closed loop is
indicated in all cases of sigmoid volvulus.
In this series, acute sigmoid volvulus was
effectively decompressed without compli
cations in 50% of patients thereby averting
an emergency operation. In emergency
situations, relief of torsion with decompres
sion or an obstructive resection are the
surgical procedures of choice. Our experi
ence would indicate that elective resection
of
a volvulus-prone sigmoid colon in pa
Sum m a ry and C onclusions
tients with recurring symptoms should be
A study of 58 patients with volvulus of carried out unless concomitant disease is a
the small and large intestine was con contraindication.
ducted over a 15-year period at the Uni
versity of Alberta Hospital, Edmonton. The
R
diagnosis in each case was confirmed either
, M. E.: Use of water-soluble con
surgically or at postmortem. Twenty pa 1. Sidaway
trast medium in paediatric radiology Clin.
tients had a volvulus of the small intestine.
Radiol., 15: 132, 1964.
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R esume
Ceci est une etude statistique portant sur 58
patients traites au “ University of Alberta Hospital”
a Edmonton, pendant une periode de 15 ans.
Dans tous ces cas, le diagnostic clinique fut con
tinue operatoirement ou a l’autopsie. II s’agit de
20 cas de volvulus de l’intestin gr£le et de 38 cas
de volvulus du colon. Dans le premier groupe
(volvulus de 1’intestin grele), neuf parmi les 20
patients etaient des enfants en-dessous de deux
ans. Dans ces cas, on put rattacher l’etiologie a
des anomalies dans la rotation intestinale (cinq
cas), a une atresie jejunale, ou a des adherences
(15 cas). Chez les adultes, l’affection est generalement secondaire a une intervention anterieure
ayant provoque des adherences; mais on a egalement rencontre trois cas de mesentere trop long et
un cas de diverticule de Meckel. Du point de vue
diagnostique, 19 de ces malades se presentment
comme des cas abdominaux aigus; les symptomes
etaient, par ordre de frequence: les nausees accompagnees de vomissements, la douleur et la
distension abdominale. La contracture de la paroi
semble associee a des phenomenes de necrose de
la paroi intestinale. La radiologie permit de trouver des signes d’occlusions intestinales dans 12
cas; cependant le diagnostic exact ne put etre fait.
Chez les adultes, on trouve frequemment des
images d’anses avec niveau hydroaerique, arrangees de fa?on inusitee d’un cote ou de
l’autre de l’abdomen. Une image caracteristique
est celle qui permet de voir les anses jejunales

TREATM ENT OF CANCER AND ALLIED D IS
EASES. 2nd ed. Vol. 9. Lymphomas and Re
lated Diseases. Edited by George T. Pack and
Irving M. Ariel. 395 pp. Illust. Hoeber Medical
Division, Harper & Row, Publishers, Inc., New
York, 1964. $18.50.

This is a successful attempt to pre
sent primarily the current status of the
clinical management
of
the malignant
Ivmphomas and allied benign diseases. The
authors, 28 from the U.S.A. and one from
England, give a clear and up-to-date account
of one of the most difficult fields of medical
nractice. Classification of the lymphomas,
based essentially on morphology, is extremely
difficult especially when different microscopical
appearances occur in a patient at the same and
different times. The lymphadenopathies can be
most usefully described as being the result of
reactive hyperplasia, progressive hyperplasia
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avec leurs plis circulates a droite, et les anses
ileales, a paroi lisse, sur la gauche. Ceci suggere
fortement une torsion de 180°. Le traitement est
uniquement chirurgical; il faut retablir l’orientation normale, et resequer les anses gangrenees
s’il y a lieu. Dans cette serie, il y eut une mortalite globale de 14 cas sur un total de 20. Le
second groupe (volvulus du gros intestin) comprend 25 malades atteints de volvulus du sigmo'ide, et 13 volvulus caeoaux. L age moyen etait
de 56 ans. L’etiologie n’a pas toujours pu etre
etablie. La longueur anormale du mesentere,
l’existence d’adherences, un megacolon ont pu etre
invoques dans certains cas. Vingt-six des malades
se presentaient comme des urgences abdominales;
les symptomes les plus frequents etaient: les douleurs abdominales a forme de crampes, les nausees,
les vomissements et la distension de 1’abdomen.
Du point de vue radiologique, on peut reconnaitre
deux types de volvulus du caecum: la torsion
axiale, reconnaissable sur les cliches par 1’existence d u n e image de niveau aerogazeux; et un
type en boucle, ou l’ileon est entortille autour du
caecum, et ou les cliches montrent deux niveaux.
Tres souvent, cependant, la encore, le diagnostic
precis n’est pas possible; un caecum dilate ressemble beaucoup sur la radiographie, a un estomac
distendu; une obstruction du colon peut aussi
passer pour un volvulus caecal. Du point de vue
therapeutique, il faut mentionner que la sigmo'idoscopie apporte des renseignements precieux dans
ies volvulus aigus, et que de plus, cet examen peut
parfois etre curatif. Dans sept cas, le passage^ du
tube du sigmoidoscope au niveau du point d e 
struction provoqua une vidange soudaine de gaz
et de matieres fecales, qui retablit la situation nor
male. Les auteurs recommandent d’utiliser cette
manoeuvre dans tous les cas; si elle ne reussit pas,
on peut laisser en place un tube qui permettra de
vider les anses dilatees avant l’intervention.

or reticulosis, and malignant neoplasia or reticulosarcoma.
The surgeon is advised as to selection and
technique of removal of nodes for diagnosis,
and his role in treatment is well covered.
There is a large section on the use of isotopes;
however, remarkably little attention is given to
other forms of ionizing radiation. Chemother
apy is comprehensively covered both in gen
eral and in the treatment of individual diseases.
Hematological changes are fullv described, in
cluding the inevitable side effects of most of
the treatments which are now available.
This book can be recommended to the
hematologist, pathologist and internist. The
bibliography is extensive and the illustrations
are good. However, the addition of a number
of plates in colour showing the microscopical
appearance of the tissues would have been
helpful.
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CARCINOSARCOMA OF THE CERVICAL ESOPHAGUS®
Reconstruction by a Subcutaneous Right Colon Replacement to Pharynx
JOHN A. PALMER, M.D., F.R.C.S.fC] and
ROBERT A. MUSTARD, M.D., F.R.C.S.[C], Toronto
C arcinosarcoma is an uncommon malig

nant tumour and, as its name implies, is
composed of both carcinomatous and sar
comatous elements. Twenty-nine cases of
carcinosarcoma of the esophagus have been
reported. We wish to briefly review these
cases and to report an additional case
which involved the cervical esophagus.
The lesion was successfully treated by
pharyngolaryngoesophagectomy, with im
mediate reconstruction by the insertion of
right colon between the pharynx and
stomach.
C ase R eport
In January 1962, a bright active woman of
77 was admitted because of progressive diffi
culty in swallowing during the preceding three
months. Clinical examination was negative.
Esophagoscopy revealed an ulcerating poly
poid lesion which involved the hypopharynx
and extended into the right and posterior walls
of the cervical esophagus. The lumen was
markedly reduced in size, but a No. 10 bougie
could be passed through the strictured area.
A biopsy of the lesion was reported as car
cinosarcoma.
Initial treatment consisted of irradiation
using Cobalt 60, with anterior and posterior
fields, to a tumour dose of 6500 rads. The
response to treatment was excellent with return
of relatively normal swallowing, but this respite
lasted for only four months. She again experi
enced progressive dysphagia and at the time
of readmission to hospital in November 1962
was unable to swallow her saliva. Esophago
scopy again revealed a large firm tumour which
almost completely obstructed the cervical eso
phagus. Despite her advanced years it was
considered that she could stand a major opera
tion.
O peration .— On November 14, 1962, the
neck was explored, using a horizontal H-shaped
incision. This approach, with equal flaps based
laterally, is a modification of the incisions
employed in the Wookey procedure, which

‘’ From the Department of Surgery, University of
Toronto, the Toronto General Hospital and the
Princess Margaret Hospital, Toronto.

provides an alternative two-stage method of
reconstruction of the pharynx and esophagus.
The tumour was firm and bulky and in
volved the hypopharynx, larynx and the
cervical esophagus to the level of the supra
sternal notch. The pharynx was excised im
mediately proximal to the hyoid bone and the
esophagus was divided about 3 cm. inferior
to the suprasternal notch. The trachea was
divided at the level of the suprasternal notch.
The thyroid was included with the block of
tissue.
Reconstruction.— In our opinion, the degree
of extension of the tumour distally in the
esophagus made the Wookey method unsuit
able, whereas the advantages of an immediate
reconstruction, using the colon, were evident.
The abdomen was explored through an upper
midline incision. The right colon was con
sidered suitable for transfer and was mobilized
as for colectomy. The colon was extended as
a pedicle on the right branch of the middle
colic artery, with division of the ileocolic
artery; the right colic vessels were absent. The
colon was divided between the right and left
branches of the middle colic artery and the
terminal ileum divided approximately 15 cm.
from the ileocecal valve. An end-to-end ileocolic
anastomosis was then completed, establishing
intestinal continuity.
A subcutaneous tunnel was developed on
the right anterior chest and the colon brought
through this to the neck. An anastomosis was
made between the pharynx and the side of
ileum, using a single interrupted black-silk
layer. The end of the ileum was brought out
to the skin as a mucous fistula. Distally, the
end of colon was anastomosed to the anterior
aspect of the stomach, with a two-layer chromic
catgut and black-silk closure. The distal end
of the esophagus was inverted and allowed to
retract into the mediastinum and a permanent
tracheotomy and feeding gastrostomy were
established. The incisions were then closed
over suction drains (Figs. 1 to 4 ).
P ostoperative cou rse.— Despite the magni
tude of this procedure, no significant difficul
ties were encountered. Gastrostomy feedings
were supplemented by fluids by mouth on the
fifth day. By the tenth day gastrostomy feed
ings were discontinued, and during the next
two weeks she progressed to a normal diet.
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Fig. 2

Fig. 1.—Diagram to show the method of reconstruction. Note the mucous fistula to provide
decompression of the loop. Fig. 2.—Photograph to show the colon in its subcutaneous position.
Although she had speech therapy, she appeared
to be unable to trap sufficient air for the
development of satisfactory esophageal speech.
W hether this was an individual problem or

whether this method of repair is less satis
factory than the W ookey operation for the
development of esophageal speech rem ains un
certain.

Fig. 3
Fig. 4
Figs. 3 and 4.—Postoperative roentgenograms of the colon outlined by a contrast medium.
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She died 14 months after the operation. An
autopsy was performed and death appeared
to be caused by a myocardial infarction. There
was no evidence of persistent carcinosarcoma
and there were no pathological changes in the
colon insert or at the anastomosis.

Fig. 5.—Low-power view to illustrate a sarcomatous
component above and a carcinomatous component below

(x 40).

Fig. 6.—High-power view of an area of sarcomatous
change (x 400).

P athological asp ects.— The tumour had in
vaded the posterior aspect of larynx and lower
pharynx, with extension into the right pyriform
fossa, and involved approximately 5 cm. of the
cervical esophagus. The surface of the tumour
was ulcerated over an area of 3 x 2 cm., and
from its upper margin a polypoid growth pro
jected, measuring 1.5 x 1.5 x 1.0 cm.
Histologically, the tumour exhibited two
distinct components, one carcinomatous and
the other sarcomatous. In some areas, the
components were separate, but in others they
were intermingled. The carcinomatous portion
was a poorly differentiated squamous cell car
cinoma. The area of tumour which invaded
the muscular wall and contiguous structures
was primarily carcinomatous in type.
The sarcomatous component was composed
mainly of irregular spindle cells of varying
size, many of which had bizarre nuclei. Mitotic
figures were numerous. In most areas the sar
coma appeared to be differentiating as a
fibrosarcoma, with deposition of collagen. The
eroded polypoid superficial portion of the
tumour was mainly sarcomatous in type
(Figs. 5, 6 and 7 ) . Although changes due to
irradiation were apparent, the tumour appeared
viable in most areas. The lymph nodes were
not involved, and the resection lines were free
of tumour.
D iscussion

Carcinosarcoma

Fig. 7.—High-power view of carcinomatous component
(x 400).

Carcinosarcoma occurs most commonly
in the uterus, breast, thyroid and esophagus
in this order of decreasing frequency.
Twenty-nine cases of carcinosarcoma of the
esophagus have been recorded in the
literature, the majority as autopsy reports.
In 1949, Stout, Humphreys and Rottenberg8
reported the first case treated by surgical
excision and since then only seven addi
tional cases have been operated upon.
Twenty-two of the 29 cases occurred in
men. The age incidence and symptomat
ology are similar to those in carcinoma of
the esophagus.
Although the tumour may be ulcerative
and invasive, as in our case, the most com-
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between operations and it is not technically
applicable to lesions extending into the
superior mediastinum. Our experience with
this procedure has been reported pre
viously.4
More recently, one-stage operations have
been devised in an attempt to avoid the
prolonged hospitalization required for the
two-stage flap reconstruction. In 1950,
Negus5 proposed the replacement of the
cervical esophagus by a polyethylene tube
covered by a split skin-graft. This method
and its modifications have with few excep
tions been unsuccessful. Fistulas are com
mon and stenosis, which does not respond
to bougienage, rapidly develops, particu
larly at the lower end of the grafted area
and frequently throughout its length.
In 1952, Kergin2 reported a case in which
transverse colon was used as a bypass for
esophageal stenosis caused by paraffinoma.
The colon was brought through the left
chest and anastomosed to the cervical eso
phagus superiorly and to the lower eso
phagus inferiorly, with an excellent func
tional result. Since then numerous reports
have appeared concerning the use of colon
or jejunum for bypass or replacement of the
intrathoracic esophagus.
In 1954, Goligher and Robin1 reported
a case of carcinoma of the hypopharynx
in which the left colon was used as an
antiperistaltic insert to re-establish con
tinuity between the pharynx and stomach.
They used, as did Kergin, a two-stage
mobilization of the colon, with a prelim
inary ligation of the main vessels.
Although occasionally we have used the
left colon as an esophageal replacement,
we believe that the right colon, which
allows an isoperistaltic insertion, results in
a more normal passage of food into the
stomach. Cinefluoroscopic studies in our
patient demonstrated peristaltic activity
and a surprising absence of reflux of bari
um from the stomach into the colon.
A subcutaneous route for the colon to
the neck is considered preferable to the
transthoracic or mediastinal methods for
lesions at this level, particularly in the
elderly patient. This route is easier to pre
pare, avoids areas of relative constriction,
particularly at the upper thoracic inlet

CARCINOSARCOMA OF CERVICAL ESOPHAGUS

mon type of growth is a polypoid tumour
of considerable size, frequently with a long
narrow pedicle (21 of the 29 cases). The
lesion tends to grow by direct extension,
and uncommonly metastasizes to lymph
nodes or other organs. No metastases were
noted in the eight cases operated upon and
only four such occurrences were described
in the 13 autopsy cases in which this was
mentioned. The majority of tumours occur
red in the middle third of the esophagus,
usually in the region of the carina. Its
occurrence in the cervical esophagus has
not been previously reported. The diag
nosis is based on the histological appear
ance of the biopsy or the surgically resected
specimen. However, this lesion should be
considered in the differential diagnosis,
when barium studies outline a polypoid
tumour.
Eight patients with this lesion have been
operated upon. Of these, two died in the
immediate postoperative period; three were
alive without evidence of recurrence at
11 months, 15 months and five years; two
died of local tumour recurrence four and
25 months after operation, and one patient
was alive with local recurrence three years
after operation. From the results in this
small group of patients, it is probable that
surgical excision of this tumour offers a
better chance of survival than is the case
with the more common squamous cell car
cinoma. The response to irradiation in the
present case is similar to that expected in
squamous cell carcinoma, —a period of
palliation, in this instance rather short, but
with eventual progression of growth.
Cervical Esophageal Replacement

We are fortunate that a tradition of
interest and contribution to esophageal
surgery exists in the Toronto General Hos
pital.
In 1942, Wookey10 described his twostage method of laryngopharyngoesophagectomy with reconstruction by local skin
flaps. This method has not as yet been sur
passed as a safe and effective procedure,
with a minimum of immediate and late
complications. However, it has the dis
advantage of being a staged operation
which frequently requires many weeks
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where a permanent tracheostomy has to be
established, and does not add the hazards
of chest complications to an already exten
sive operation. Should the blood supply of
the bowel fail, recognition and excision of
the necrotic bowel should be relatively
simple. W e have also used and would
advise the subcutaneous route for the by
pass of the intrathoracic esophagus in the
poor-risk or elderly patient. An anastomosis
to the cervical esophagus is relatively
simple and safe. However, in children and
in young adults it would be preferable for
cosmetic reasons to bury the colon in either
the anterior or posterior mediastinum.
Su m m a r y

An additional case of carcinosarcoma of
the esophagus and the first reported case
to involve the cervical esophagus has been
reviewed. Only eight of the 29 cases in the
literature have been operated upon. Al
though these numbers are small, it would
appear that this tumour is less aggressive
than the usual carcinoma of the esophagus
and that adequate surgical treatment gives
good prospects of cure. Irradiation, used
initially in this case, produced a tempor
ary remission, but did not control the tu
mour. It may have been valuable, however,
as a preoperative measure. This case also
establishes the feasibility of a one-stage
pharyngolaryngoesophagectomy with im
mediate reconstruction by the right colon
with anastomosis of the colon to the
pharynx and stomach. Although this pro
cedure is of considerable magnitude and
of greater risk than is the Wookey opera
tion, it has certain advantages and is
worthy of consideration.
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R esu m e
Le carcinosarcome de l’oesophage est une lesion
rare. Dans la litterature, on n’en trouve que 29
cas. II s’agit, comme le nom l’indique, d’une
tumeur mixte, carcinomateuse et sarcomateuse. Les
auteurs resument ici l’histoire d’un cas nouveau.
C’est celui d’une femme, agee de 77 ans, admise
en janvier 1962 pour une dysphagie progressive
apparue trois mois auparavant. L'examen general
ne montre rien de special. Une oesophagoscopie
permet de decouvrir une lesion polypoide ulceree,
s’etendant de la portion basse du pharynx jusqu’aux
parois posterieure et droite de l’oesophage cervical.
La lumiere de Torgane est serieusement retrecie,
mais on peut y passer une bougie no. 10. Une
biopsie permet de diagnostiquer un carcinosarcome.
La malade est soumise a un traitement par irradia
tion au cobalt, qui a un excellent effet, malheureusement transitoire, limite a quatre mois. En
novembre 1962, on decide alors de tenter une
operation. Une exploration de la region cervicale
est faite a travers une incision horizontale en H.
La tumeur est decouverte et resequee, ce qui
necessite un important delabrement du pharynx,
du larynx et de Toesophage cervical. On precede
a une reconstruction immediate a l’aide d’une por
tion de colon. Pour ce faire, apres laparotomie,
on mobilise le colon droit, comme pour une
colectomie, on le sectionne entre les branches
droite et gauche de l’artere colique moyenne; la
continuite intestinale est assuree par une anastomose
bout-a-bout de l’ileon et du colon. La partie mobilisee est remontee sous un tunnel cutane passant
sous la moitie droite du thorax; l’extremite ileale
est anastomosee au pharynx et Textremite colioue
a la face anterieure de Testomac. II est remarquable
de noter, qu’apres cette tres vaste intervention,
les suites furent excellentes; la malade mourut 14
mois plus tard: 1’autopsie ne permit pas de de
couvrir de recidive: le deces etait du a une crise
d’infarctus du myocarde. Du point de vue anatomopathologique, la tumeur excisee montrait clairement deux composantes distinctes: Tune, carcino
mateuse consistait en un cancer a cellules
snuameuses; l’autre, sarcomateuse, etait formee
de cellules fusiformes, de taille et de forme
variables, presentant de tres nombreuses mitoses.
Gertaines places evoluaient vers un fibrosarcome.
En conclusion, il est certain que la resection de
ce type de tumeurs. suivie d’une transplantation
colique, donne de bonnes chances de guerison;
dans le cas present, il est fort possible que l’irradiation au cobalt ait ete tres utile comme preparatif
avant l’intervention.
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TH E GASTROESOPHAGEAL SPHINCTER IN HIATUS HERNIA®
W . J. W ANKLING, M .D.,f W . G. W ARRIAN and J. F. LIN D , M.D., C.M.,
F .R .C .S .[C ],$ W innipeg, Man.
P r ev io u s investigations in normal subjects
have demonstrated a zone of increased
pressure situated between the lower eso
phagus and the stomach.1 This zone is situ
ated astride the diaphragm and is thought
to represent a sphincter, which maintains
the pressure gradient between the lower
esophagus and the stomach under resting
conditions and during abdominal compres
sion.2 Code and his co-workers3 recently
outlined certain criteria for the diagnosis
of hiatus hernia on the basis of esophageal
motility tests. Atkinson et al.* demonstrated
a relationship between the resting pres
sures in the junctional zone and the occur
rence of reflux in patients with hiatus
hernia. The present investigation was
undertaken to study the pressure character
istics of the gastroesophageal region in
hiatus hernia, with particular reference to
the ability of the sphincter to maintain the
gastroesophageal pressure gradient during
abdominal compression, and to determine
if a correlation existed between the pres
sure characteristics of the sphincter and the
occurrence of reflux esophagitis.

M ethods

The investigations were made on 20 nor
mal subjects whose ages ranged from 19
to 72 years with a mean age of 44, and 42
patients with hiatus hernia whose ages
ranged from 19 to 75 with a mean of 43
years. Hiatus hernia had been diagnosed
by radiological examination or endoscopy
and these patients were referred for eso
phageal motility studies as part of the
routine investigation in hiatus hernia.
'F ro m the Clinical Investigation Unit, Winnipeg
General Hospital, and the Department of Surgery,
University of Manitoba.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Quebec, January 1964.
tResearch Fellow, Clinical Investigation Unit,
Winnipeg General Hospital, 1962-1963.
fMarkle Scholar in Academic Medicine.
Address for reprints: Dr. J. F. Lind, Department
of Surgery, University of Manitoba, Winnipeg,
Man.

Pressure M easurements
Intraluminal pressures in the stomach,
gastroesophageal sphincter and the body of
the esophagus were recorded. Fig. 1 shows

Fig. 1.—Pressure detecting units. Water-filled
polyethylene tubes each with a lateral orifice (ar
rows) situated 5, 10 and 15 cm. from the distal
tip.

the water-filled tubes with lateral orifices
situated at 5, 10 and 15 cm. from the distal
tip. Respiration was recorded by means of
a tubular pneumograph placed about the
subject’s chest. The pressure-detecting
units and the pneumograph were con
nected to strain gauges, the outputs of
which were led to a recorder. The strain
gauges were placed at approximately the
same level as the orifices in the tubes.
Standard pressures were introduced into
the system at the beginning and end of
each test.
Pressures recorded from the distal de
tecting unit were measured at end-inspira
tion and end-expiration, and the mean pres
sure for each recording site was determined.
These were expressed in centimetres of
water pressure with reference to atmos
pheric pressure. The proximal detecting
units were used to monitor esophageal
motor function. The position for each re
cording site was measured in centimetres
from the incisor teeth.
When the pressure-detecting units were
located below the diaphragm, the major
deflection with inspiration was positive or
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Fig. 2.—Resting pressures at the gastroesophageal junction in health as re
corded by an open-tipped tube (upper tracing). The lower tracing is respiration as
recorded by the pneumograph.

upward (Fig. 2). When the units were situ
ated in the thorax, the major deflection
with inspiration was negative or down
wards. As the units were withdrawn from
the abdomen into the thorax this pressure
deflection with inspiration reversed. At the
site of reversal, the deflection with inspira
tion was biphasic, and this site was taken
as the position of the diaphragm.

Resting Studies
During a study, the pressure-detecting
units were passed through the mouth of
the subject and advanced into the stomach.
The subject then assumed the supine posi
tion and the pneumograph belt was at
tached. A pneumatic cuff was placed about
the abdomen but was not inflated.
The subject was instructed to refrain
from swallowing and to breathe in a nor
mal manner. A continuous recording of
resting pressures was then made as the
units were withdrawn from the stomach
into the body of the esophagus at 0.5 cm.
intervals. Pressures were recorded for at
least 10 to 15 seconds at each recording
site.

Abdominal Compression Studies
■
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Fig. 3.—Mean resting pressures ( ± S.E.) in the
stomach, gastroesophageal sphincter and body of
the esophagus in 20 normal subjects.

The effect of abdominal compression on
the pressure characteristics of the gastro
esophageal region was determined in 14 of
the normal subjects and in 24 of the pa-
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TABLE I. — R e s t in g P r e s s u r e s

M ean pressure (cm. H ,0 ± S .E .)
Number o f
Stom ach
subjects

■J

N orm al s u b je c t s .............................. . .
H iatus hernia 'pat ents

Normal sphincter above
diaphragm................................ .
Feeble sphincter above diaphragm
Feeble sphincter at diaphragm. . .

L

J

Sphincter

(m axim um ) E sophagus

P ressu re
differen ce
between
stom ach and
sphincter
(cm. H-iO)

P ressu re
differen ce
between
stom ach an d
esophagus
(cm. H 20 )

20

12.9 ± 1.0 34.6 ± 2 .1

1.0 ± 1 .0

2 1 .7

11.9

20
15
7

12.4 ± 1.5 27.5 ± 2 . 5
15.2 ± 1.5 18.6 ± 1.5
13.0 ± 1.8 19.2 ± 2 .1

0.0 ± 1.4
2.2 ± 1 .2
1.7 ± 0 .9

15.1
3 .4
6 .2

12.4
13.0
11.3

tients with hiatus hernia. Following the
initial resting study, as outlined previously,
the units were returned to the stomach and
a second recording of the pressure profile
of the junctional region was made during
the application of a pressure of 50 mm. Hg
to the anterior abdominal wall by inflation
of the pneumatic cuff.

greater than the pressure in the stomach.
The difference in pressure between the
stomach and esophagus (gastroesophageal
pressure gradient) was 11.9. Table I shows
this data for the normal subjects as well as
for the patients with hiatus hernia.
During abdominal compression there
was a rise in pressure in both the stomach

A

TABLE II. — P r e s s u r e s D u r in g A bd o m in a l C o m p r e ssio n (50

J

A

N orm al s u b je c ts .............................. . .
H iatus hernia patients

Normal sphincter above
diaphragm................................ . .
Feeble sphincter above diaphragm
Feeble sphincter at diaphragm. ..

14

9
8
6

24.9 ± 1.5 54.8 ± 4 . 2

2 9 .9

2 3 .9

26.5 ± 1.1 43.2 ± 4 . 0 1.0 ± 1.0
25.0 ± 2.1 26.2 ± 2.0 19.7 ± 1.5
27.2 ± 1.6 28.2 ± 1.9 22.7 ± 1.8

16.7
1.2
1.0

2 5 .5
5 .3
4 .5

Esophagoscopy was carried out on 27 of
the patients with hiatus hernia and the
diagnosis of esophagitis was made by visual
observation, and in some instances by bi
opsy of the esophageal mucosa. In addi
tion, the symptom of heartburn was re
corded in the patients with hiatus hernia.

*

R esults

1. Normal Subjects

*

and in the maximum pressure in the sphinc
ter (Table II). The increase in pressure in
the sphincter was 8.0 cm. greater than that
which occurred in the stomach. Pressures
within the esophagus remained unchanged,
and as a result the gastroesophageal pres
sure gradient was increased.
2. Hiatus Hernia Patients

4

/

P ressu re
differen ce
between
stom ach an d
esophagus
(cm. H 20 )

1.0 ± 0 .6

Reflux Esophagitis
r

H g)

P ressu re
differen ce
between
M ean pressure (cm. H iO ± S .E .)
stom ach and
Number o f
Sphincter
sphincter
subjects
Stom ach (m axim um ) E sophagus (cm. H-iO)

A

A

mm.

Under resting conditions there was a
zone of elevated pressure 3 to 5 cm. in
length interposed between the stomach and
the body of the esophagus (Fig. 3). The
zone was equally distributed above and
below the diaphragm. The maximum pres
sure was 34.6 ( ± S.E. 2.1) and occurred
at the level of the diaphragm. The mean
maximum pressure was 21.7 cm. H2()

The patients with hiatus hernia could
be divided into two groups. In 20 patients
the gradient in pressure between the stom
ach and gastroesophageal sphincter was
within the normal range. In the remaining
22 patients, this pressure gradient was be
low the range of normal.
In the normal sphincter group the rest
ing pressure profile of the gastroesophageal
region was quite different from that seen
in the normal subjects (Fig. 4). There was
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Fig. 4.—Graph of the resting pressure profile of
the gastroesophageal region in one representative
patient with a hiatus hernia and a normal sphinc
ter.

a lower zone of elevated pressure at the
diaphragm. Above this zone, the pressure
returned to intragastric levels and re
mained on a plateau for a variable distance
dependent on the size of the hiatus hernia.
This plateau represented pressures re
corded from the portion of stomach herni
ated above the diaphragm.4 Above the pla
teau was a second zone of elevated
pressure. This upper zone was taken as the
gastroesophageal sphincter for the follow
ing reasons: (a) The maximum pressure and
length of this zone were similar to that of
the sphincter in the normal subjects; (b)
the response to deglutition in this zone was
identical to that seen in the normal sub
jects (relaxation followed by contraction);
(c) below this zone there was either no re
sponse to deglutition or one of only slight
relaxation; (d) resting pressures and de
glutitive responses immediately above this
zone were characteristic of those recorded
from the esophagus. Table I shows the
mean data for the resting studies in this
group compared with the normal subjects.
The response to abdominal compression
was similar to that seen in the normal sub
jects (Table II).
The fe e b le sphincter group of subjects
was further subdivided on the basis of
the position of the sphincter. In 15 of these

Fig. 5.—Graph of the resting pressure profile of
the gastroesophageal region in one representative
patient with a hiatus hernia and a feeble sphincter.

patients the sphincter was located in the
thorax as shown in Fig. 5. There was a
zone of elevated pressure in relationship
to the diaphragm and above this zone the
pressure gradually fell to reach intraesophageal levels at least 4.5 cm. above the
diaphragm. The sphincter was located in
the upper portion of the junctional zone,
and its responses to swallowing were char
acterized by poor relaxation and feeble
contraction. Table I shows that the mean
maximum pressure in the sphincter, and
gradient in pressure between the stomach
and sphincter at rest were decreased but
the gastroesophageal pressure gradient was
normal. Abdominal compression studies
were made on eight of these subjects. Dur
ing abdominal compression there was an
increase in intragastric pressure and a simi
lar rise in pressure in the sphincter (Table
II). The striking change was the increase
in esophageal pressure and a marked de
crease in the gastroesophageal pressure
gradient.
In the remaining seven patients the
sphincter was in normal relationship to the
diaphragm during the resting study (Fig. 6).
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The length of the zone was within normal
limits, but again the mean maximum pres
sure was decreased and the stomach-tosphincter gradient was below the normal
range (Table I). The gastroesophageal
pressure gradient was normal. Six of these
patients were studied during abdominal
compression. In one patient the sphincter
was displaced into the thorax while in the
others it remained at the diaphragm. The
increase in pressure in the sphincter was
not as great as that in the stomach (Table
II). Again there was a marked rise in the
pressure in the esophagus with a significant
reduction in the gastroesophageal pressure
gradient.
T A B L E I I I . — H ia t u s H e r n ia : R e f l u x E so ph a 
g itis AND SPHINCTERIC PRESSURE

Sphincter pressure
Normal.................................
Feeble......................... .

Heartburn
2/20
21/22

0/7
18/18

Reflux esophagitis.—There was a good
correlation between the pressure character
istics of the sphincter and the occurrence
of reflux esophagitis (Table III). Of the
hiatus hernia patients with a normal sphinc
ter, only two complained of occasional
heartburn. Seven of these patients under
went esophagoscopy and none showed
evidence of esophagitis. In contrast, 21 of
these patients with a feeble sphincter com
plained of heartburn, and all had evidence
of esophagitis at endoscopy.
D

<

Esophagitis

is c u s s io n

Although many mechanisms have been
postulated as being responsible for the
maintenance of competence at the gastro
esophageal junction, all the studies involv
ing intraluminal pressure determinations in
man have demonstrated a sphincter intrin
sic to the junctional zone.1, 2 The results of
this study confirm the previous findings.
There remains, however, the difficulty of
relating the function of the sphincter to the
presence or absence of symptoms in pa
tients with hiatus hernia. This difficulty is
related to the variability in criteria for the
diagnosis of hiatus hernia and the confu
sion between symptoms arising from re
flux esophagitis and those which may be
attributed to the hiatus hernia itself. We
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Fig. 6.—Graph of the resting pressure profile of
the gastroesophageal region in one representative
patient with a feeble sphincter in normal relation
ship to the diaphragm.

think the results presented here clarify this
problem.
Normal Sphincter Group
We have found that 20 of the 42 patients
with hiatus hernia had a sphincter with
normal pressure characteristics located en
tirely in the thorax. The responses of this
sphincter to abdominal compression were
also normal. The diagnosis of hiatus hernia
in all these patients was made on radio
logical examination, and it is notable that
this group as a whole did not have symp
toms or endoscopic evidence of reflux.
F eeb le Sphincter G roup
The remaining subjects also had been
diagnosed as having hiatus hernia. In this
group there were some patients in whom a
hiatus hernia was not demonstrated during
radiological examination but the diagnosis
was made in all cases on the endoscopic
evidence of reflux. Almost all of the pa
tients in this group complained of symp-
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toms of reflux and all had esophagitis at
endoscopy, findings considered to be good
evidence of reflux. The pressure studies in
these patients uniformly showed low rest
ing pressures in the sphincter and absence
of the normal response to abdominal com
pression. Although the pressure in the
sphincter was below normal, a normal gas
troesophageal pressure gradient was main
tained at rest. In every case the pressure
gradient was overcome when abdominal
compression was applied. In only one of
six subjects without evidence of a hiatus
hernia at rest was a sliding hernia demon
strated during abdominal compression. The
remaining five are presumed to have a
feeble sphincter without hiatus hernia and
the failure to demonstrate a hiatus hernia
on radiological examination supports this
opinion.
The presence of a hiatus hernia is there
fore not essential for the occurrence of re
flux. Whether reflux occurs or not is de
pendent on the ability of the sphincter to
maintain competence at the gastroeso
phageal junction even when it is displaced
into the thorax. This function is related to
the resting pressure characteristics of the
sphincter and particularly to the response
to abdominal compression. The addition of
abdominal compression to studies of eso
phageal motility allows better assessment
of the functional integrity of the sphincter.
Su m m a r y

and

C o n clusio ns

The pressure profile of the gastroeso
phageal region was recorded under resting
conditions and during abdominal compres
sion in 20 normal subjects and in 42 pa
tients with hiatus hernia.
In the normal subjects, at rest and in
response to abdominal compression, the
length, pressure characteristics and rela
tionship of the sphincter to the diaphragm
were similar to the findings reported previ
ously.
The patients with hiatus hernia were
divided into two groups. In the first group,
the maximum pressure in the gastroeso
phageal sphincter was within the range of
normal and under conditions of abdominal
compression the sphincter was able to
maintain the gastroesophageal pressure
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gradient. Eighteen of these 20 patients had
no clinical evidence of esophagitis.
In the remainder the maximum pressure
in the sphincter was reduced and the
stomach-to-sphincter pressure gradient was
below the range of normal. In this group
the sphincter could maintain the gastro
esophageal pressure gradient under resting
conditions but could not do so during ab
dominal compression. All but one of these
patients had clinical evidence and all had
endoscopic evidence of esophagitis. Six of
these patients did not have a hiatus hernia
but had only a feeble sphincter in normal
relationship to the diaphragm.
All patients with reflux esophagitis do
not have a hiatus hernia. In patients with
hiatus hernia the occurrence of reflux
esophagitis is associated with an inability of
the sphincter to maintain the gastroeso
phageal pressure gradient during condi
tions of increased intra-abdominal pressure.
The authors wish to thank Dr. J. A. Hildes for
his helpful criticism in the preparation of this
paper.
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R esum e
11 a ete demontre que, chez des sujets normaux,
il existe une zone de compression au niveau de la
jonction de l’cesophage inferieur avec l’estomac.
On suppose que cette region represente, au point
de vue physiologique un sphincter. D’autres au
teurs ont montre qu’il existe un certain degre de
modification de cette donnee dans les cas de hernies diaphragmatiques. Le present article resume
une etude faite dans ce sens, cherchant a deter
miner des signes diagnostiques. Ces recherches
furent faites sur un groupe de 20 sujets normaux,
dont les ages varaient entre 19 et 72 ans, et un
autre groupe de 42 malades atteints de hernie
diaphragmatique, d’ages semblables. Dans ce
deuxieme groupe, le diagnostic avait ete pose par
la radiologie. Les mensurations furent effectuees de
la fag-on suivante: un tube rempli d’eau fut intro-
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duit dans l’oesophage, tandis que la respiration
etait controlee par un pneumographe place autour
de la poitrine du sujet. Les pressions oesophagiennes etaient enregistrees sur kimographe a la fin
de l’inspiration et a la fin de l’expiration; la moyenne fut alors calculee et exprimee en centi
metres d’eau reportes a la pression atmospherique.
II put ainsi etre confirme qu’il existe une zone de
surpression, longue de 3 a 5 cm, a la frontiere de
roesophage et de l’estomac, Lors de la compression
abdominale, on note une elevation de pression

dans l’estomac et au niveau de la zone mentionnee. La pression intra-cesophagienne demeure inchangee. En ce qui concerne les porteurs de
hernies diaphragmatiques, ceux-ci peuvent etre re
partis en deux groupes: chez 20 malades, les
epreuves correpondirent a la normale; par contre
ehez les 22 autres, les pressions furent plus basses
que normalement. Ils peuvent etre catalogues en
“ sphincter normal”
et “ sphincter deficient” .
D ’autre part, l’existence d ’une hernie n’est pas
necessairement liee a un reflux.

MODERN TRENDS IN PLASTIC SURGERY. 1.
Edited by Thomas Gibson. 311 pp. Must.
Hutterworth & Co. (Canada) Ltd., Toronto,
1964. $17.00.

have a wider audience appeal and form a more
readily usable handbook for the surgeon who is
not involved in a large amount of trauma.

The editor has chosen an international group
of experts to present the latest developments
in the field of plastic surgery. Each section is
written with authority and is unlikely to be
outdated for some time. A timely inclusion is
Lorthior’s account of his abrasive treatment of
the burn wound.
This book should prove of considerable
value as a reference volume for surgeons of
varied interests. Most of the subjects presented
would have a wider interest than for the plas
tic surgeon alone. Of particular value would be
the chapters on tissue repair and tissue trans
plantation, Dupuytren’s contracture, and tu
mours of the skin and oral cavity.
ACCIDENT SURGERY. Vol. II. Edited by H.
Fred Moseley. 374 pp. Must. Appleton-CenturyCrofts, New York, 1964. $12.00.

In the second volume of this series, Dr. Mose
ley has brought together a group of distin
guished authors who deliver papers on their
selected special topics. The range of topics
covers the organization of hospital emergency
services, the resuscitation rooms, and various
organizational aspects, as well as numerous
clinical subjects. The role of the automobile
in the production of the present epidemic of
trauma is emphasized and the initial definitive
handling of major injuries of various organs is
well arranged.
The book should prove useful to those sur
geons in a sub-specialty who would like to be
come more acquainted with the problems of
the sister specialties. While the individual ar
ticles are excellent, the book suffers, as do the
collection of papers, in that it does not present
a smooth-flowing document. A distillate of the
previous volume and the succeeding volume
into a handbook of accident surgery might

TREATM EN T OF C A N C E R AND A LLIE D D IS
EASES. 2nd ed. V ol. 8. Tumors of the Soft
Somatic Tissues and Bone. Edited by George
T. Pack and Irving M . Ariel. 574 pp. Must.
Hoeber Medical Division, Harper & Row , Pub
lishers, Inc., New Y ork 16, N.Y., 1964. $26.50.

This book is divided into two parts— tumours
of the soft somatic tissues and tumours of the
osseous system. There are 39 contributing
authors, many of whom are very well known in
their particular fields. This book gives a com
plete cover of tumours of soft and bony tissues;
the etiology and pathology of the various
lesions are very fully considered, and the vari
ous modalities of treatment are discussed, to
gether with the results that have been
achieved. The tissues particularly covered are
fibrous tissue, fat tissue, tumours of the blood
and lymphatic vessels, and tumours of synovial
and muscle tissue. In the section on tumours
of the osseous system, the subject of amputa
tion is efficiently dealt with, particularly the
massive amputations, such as fore-quarter and
hemipelvectomy. Rehabilitation and prostheses
for such amputations are well discussed. The
problem of the treatment of giant-cell tumour
of bone is well covered. There is an interesting
chapter on the various aspects of the treatment
of pathological fractures. I think it should be
emphasized that this text deals both with
benign and malignant tumours, and that all
modalities of treatment are explored including
surgery, radiation and radioisotopes. There is
an excellent and extensive bibliography at the
end of the book.
This book is to b e recommended to all
surgeons who deal with this type of work, be
they general or orthopedic surgeons. It is an
excellent reference book to be consulted when
confronted with some unusual lesion.
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SPONTANEOUS AVASCULAR NECROSIS OF TH E FEMORAL HEAD”
A Clinical and Pathological Review
D. E. HASTINGS, M.D., F.R .C.S.[C ]t and IAN MACNAB, M.B., F.R.C.S.[C],t Toronto

T here are many causes of avascular necrosis

of the femoral head;1’ 7i 9’ 17-19' 20’24-26’33
spontaneous or idiopathic avascular necro
sis, however, is not common.6- 22- 23’ 26‘
28 ,30, 3i This lesion was first described by
Freund8 in 1926. Similar cases, however,
had been described well before this under
the title of “osteochondritis dissecans”. In
many instances the two entities are indis
tinguishable.
Although adrenocortical steroids became
commercially available in 1950,13 15 only
recently have they been implicated as one
possible cause of avascular necrosis of the
femoral head. In 1957 the first reports
appeared of hip-joint arthropathy after
the administration of intra-articular ster
oids.3- 4- 32 Since 1960, isolated reports have
appeared of cases or series of cases follow
ing the purely systemic administration of
these steroids.12- 21- 23- 25- 31
This paper describes 125 consecutive
cases of avascular necrosis of the femoral
head in patients seen at the Toronto Gen
eral and Wellesley Hospitals since 1950
and includes those cases in which corti
costeroids might be implicated. The ma
jority of these lesions were managed by
Moore replacement arthroplasty and for
this reason the femoral head, synovium and
ligamentum teres were available for patho
logical examination.
C ase Material

The case material was selected mainly
from the records of the Toronto General
Hospital. All instances of avascular necro
sis and osteochondritis dissecans recog° Sponsored by the Mary and Wallace Duncan
Fund. From the Department of Surgery, Univer
sity of Toronto.
fMary and Wallace Duncan Fellow, Toronto Gen
eral Hospital.
^Orthopedic Service, Department of Surgery, Uni
versity of Toronto.

nized since the inception of corticosteroid
therapy in 1950 were reviewed (Table I)
and nine deserving the label “spontaneous”
were selected. Any case in which trauma
might possibly have played a role was ex
cluded. Four additional cases of spontane
ous avascular necrosis of the femoral head
were recognized in 1963.
TABLE I.— A v a sc u l a r N e c r o s is 1950 - 1962—
125 C o n s e c u t iv e C a s e s
Etiology
Intracapsular fracture
Extracapsular fracture
Dislocation..................
Slipped epiphysis. . . .
Radiation.....................
Sepsis............................
Charcot’s joint...........
Related traum a..........
Spontaneous................

Cases

Per cent

M ean age
(yrs.)

97
1
8
1
5
i
i
2
9

77.6
0 .8
6.4
0 .8
4 .0
0 .8
0 .8
1 .6
7.2

68
44
40
18
56
17
48
40
40

125

100.0

The desire to avoid confusion with LeggPerthes disease led to the exclusion of chil
dren from this review. One child with
avascular necrosis, however, was sufficient
ly unusual to merit inclusion, thus making
a total of 14 cases.
T A B L E II.— S p o n t a n e o u s A vascular N e c r o s is —
14 P a t ie n t s

Classification
Group A. “Typical” lesions.................................
1. Systemic steroids...........
6
2. No steroids......................
4
Group B. “Atypical” lesions................................
1. Systemic steroids...........
2
2. No steroids......................
2

10
4

These 14 patients were studied clinical
ly, radiologically and pathologically. On
the basis of the gross anatomical and radio
logical features of the lesions, they were
classified into two basic groups “typical”
and “atypical”. Each group was then sub
divided with respect to a positive or nega
tive history of systemic steroid therapy
(Table I I ) .'
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Fig. la.-H .W . Three days after onset of right groin pain. Questionable radiodensity in right
femoral neck.
TABLE III.— “T ypical ” L e s io n : S ystem ic S teroids —6 P a t ie n t s

S ex
N am e
Group A . 1

Age

P rim ary disease

Hypopituitarism
Psoriasis
Asthma
Bicipital tendinitis
Psoriasis
Iritis - ? Reiter’s
syndrome
+ Full-blown cushingoid appearance.

H.W.
M.M.
A.V.
R.S.
A.G.
E.H.

M
M
F
M
M
M

31
32
33
57
55
31

Steroid
dose/day
and duration
{mg. cortisone)

50 mg. - 2 Yi yrs.
100 mg. - 4 mos.
75 mg. - 5 yrs.
200 mg. - 5 mos.
50 mg. - 8 mos.
50 mg. - 18 mos.

T im e lag
between
m edication
Side
and
Toxicity sym ptom s affected
+

?
Lunate
0
+

0
lyr.
0
2 yrs.
1 yr.
1 yr.

Right
Left
Left
Bilateral
Left
Right

C ase P resentations

~\

r
r

The first group (A.l) is made up of six
patients with typical lesions of spontaneous
avascular necrosis of the femoral head as
sociated with steroid therapy (Table III).
All of these patients had received steroids
for conditions unrelated to the bone lesion.
They were relatively young and five were
males. The steroid dosages in Table III are
given in cortisone equivalents. Brief illus
trative case histories follow:
C ase 1.— H.W ., age 31 years, is a typical
example of this group. He received steroids as
replacement therapy after pituitary surgery.
Two and a half years after the onset of medi
cation he was observed to be cushingoid. At
this time he developed the spontaneous onset
of right groin pain. Fig. la shows the right
hip three days after the onset of pain. In retro
spect, there was a suspicious, admittedly

Fig. lb.—H.W. Two months after onset of
symptoms. Observe the collapse of the upper
outer quadrant of the right femoral head.
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Fig. lc.—H.W. Cross-section of femoral head after arthroplasty. Avascular areas are white and
a portion of the upper outer quadrant of the head of the femur has separated off.

scarcely noticeable radiodensity in the femoral
neck. Two months later (Fig. lb) there was
early flattening of the head and a more definite
radiodensity in the neck. At replacement arth
roplasty the femoral head showed a fracture
through avascular bone (Fig. lc). Besides the

characteristic appearance of avascular bone,
osteoporosis was a striking feature (Fig. Id).
Appositional new bone was observed in the
femoral neck in a site corresponding to the
area of density first observed two months pre
viously (Fig. le).

Fig. Id.—H.W. Photomicrograph showing thin trabeculae of bone typical of gross osteoporosis
in femoral head.
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Fig. le.—H.W. Photomicrograph showing appositional new bone formation. This encapsulation
of bone was only observed at the junction of the femoral head and neck.

Fig. 2a.—M.M. Left hip shortly after onset of pain. Observe radiodensity.
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Fig. 2b.—M.M. Marked flattening of the left femoral head 11 months later.

Fig. 3a.—R.S. Seven months after onset of bilateral hip pain; radiograph reveals crushing of
the right femoral head and flattening of the left femoral head.
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Fig. 3b.—R.S. Cross-section of excised femoral head. Note wedge-shaped area of dead bone in
the upper outer quadrant.
C a se 2.— M.M., age 32 years, also showed
a density in the left femoral neck as the
earliest finding (Fig. 2 a ). Eleven months later
marked flattening was present (Fig. 2 b ). The
pathology was identical to that in Case 1.
C a se 3.— R.S., age 57 years, is the only pa
tient in this group with bilateral disease. This
man developed Kienbock’s disease (avascular
necrosis of the lunate) within two months of
the commencement of steroid therapy. The
advanced radiological changes in his wrist at
this time suggests that this process possibly
preceded the steroid therapy. Two years later,
however, he developed bilateral hip pain
( Fig 3 a ). A cross-section of the femoral head
suggested a compression fracture
(Fig.
3 b ), with depression of the weight-bearing
portion. A radiograph of the cross-section
shows this more clearly (Fig. 3 c). Similar
changes were present in the other hip at the
time of operation.
C a s e 4.— E.H ., age 31 years, received ster
oids for iritis for a prolonged period and in
sufficient doses to become quite Cushingoid.
The cause of his iritis was uncertain but was
possibly due to Reiter’s syndrome. Radio

graphs suggested that an entire quadrant of
the femoral head was depressed (Fig. 4 a ) , but
at operation a thin layer of bone was adherent
to a lid of articular cartilage (Figs. 4b and c).
The avascular changes, however, extended b e
low this fracture line. Osteoporosis was again
a prominent feature.

Fig. 3c.—R.S. Radiograph of excised femoral
head showing more clearly the wedge of dead
bone and the secondary fracture separating off the
articular cartilage.
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Fig. 4a.—E.H. Radiograph, six months after onset of persistent hip pain, shows density of
right femoral head.

Fig. 4b.—E.H. Cross-section of femoral head removed at arthroplasty showing the typical le
sion — an avascular wedge of bone in the upper outer quadrant of the head, with a secondary frac
ture through it.

The second group (A.2—Table IV) is
The second major division (Groups B.I
m ade up of four patients with spontaneous and B.2—“atypical” lesions in Tables V and
avascular necrosis of the femoral head who TABLE IV.—
—4
had no history of steroid therapy. The
Duration
lesions in these patients were almost iden Name Sex Age Associated
of
Side
condition symptoms Symptoms affected
tical with those in the first group. All pre
A. 2
sented with hip pain of varying duration; Group
J.H. M 47 Alcoholism 16 yrs. R t. hip Bilateral
1 yr. L t. hip
in two instances the lesions were bilateral. L.V. F 48
0
18 mos.
Right
Two patients w ere chronic alcoholics (Figs. M.R. F 37 Alcoholism
1 yr.
Left
G.S.
M
32
R
t.
hip
0
2
y
rs.
Bilateral
5. 6a and b, 7).
1 yr. Lt. hip
“T

y p ic a l ”

L e s io n s : N

o

St e r o id s

P a t ie n t s
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Fig. 4c.—E.H, Radiograph of femoral head re
moved at arthroplasty. The dead bone does not
show clearly but one can see the characteristic
lid-like separation o f the articular cartilage.
TABLE V.— “ A typical” L esion : Systemic Steroids— 2 P atients

N am e

G rou p B

N.H.
R.S.

S ex

.1
F
M

Age

60
13

P r im a r y d is e a se

S te r o id
T o x ic ity
d ose/ d a y
a n d d u r a tio n
{m g . c o r tiso n e )

“ Rheumatism” 200 mg. 2 yrs.
intra-articular
Aplastic anemia 50 mg. 10 yrs.

S id e
a ffe c te d

+

Right

+

Bilateral

+ Full-blown cushingoid appearance.

VI) is made up of four patients with avas
cular necrosis of the femoral head in which
the lesions differed slightly from those in
Group A with respect to gross anatomical

Fig. 5.—L.V., age 48 years, presented with a
seven-month history of hip pain. There was no
history of alcoholism or of steroid ingestion. Radio
graph shows characteristic wedge-shaped area of
radiodensity.

Fig. 6a.—M.R., age 37 years, was a confirmed
alcoholic. There was no history o f steroid medica
tion, but the possibility o f trauma occurring while
intoxicated could not be excluded. Five months
after the onset of hip pain, radiograph shows
marked crushing and collapse of weight-bearing
portion of head of femur.

Fig. 6b.—M.R. Radiograph of excised femoral
head. Screw for orientation in lateral portion of
head. Note gross destruction of superior aspect of
head.
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■1
! lg' V -G .S., aSe 32 years, presented with bilateral hip pain of two years’ duration in the
rl£
hip and six rnonths in the left. In spite of careful investigation, no cause for his complaints
could be found. The radiograph shows changes in both hip joints characteristic of avascular necrosis.

fig . 8a.-N .H . August 1961, one month after onset of right hip pain. Slight flattening of the
head ot right femur with narrowing of the joint space.
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Fig. 8b.—N.H. October 1961. Destruction of the head of right femur is now more noticeable.

period.

Fig. 8c.—N.H. January 1962. Extreme disintegration of the head of femur over a five-month

and radiological appearances. The first two They did not present radiological evidence
(Table V) had a definite history of pro of crushing of the upper outer quadrant of
longed, moderately heavy steroid medica the head of the femur.
On histological examination in five of
tion and showed overt signs of overdosage.
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Fig. 9.—R.S. Radiographs, l'A years after onset of bilateral hip pain, show lateral subluxation of
head of left femur. There is flattening of the articular surface and gross radiodensity of the underly
ing bone.
those with spontaneous avascular necrosis, was severely disabled. No histological confirm
there was gross destruction of the whole ation was obtained, but on radiological examin
the lesion appeared to be necrosis of
head of the femur and, in one, a small local ation
bone, probably on a vascular basis.
plaque of avascular bone was found.
TABLE VI.—“ A typical ” L esion : No Steroids —2 P atients
Name Sex
Group B .2

M.G.
M.A.

F
F

Associated Duration of Side
Age condition symptoms affected

60
25

0
0

4 mos.
lOyrs.

Right
Right

Etiology

?
Osteochondritis
dissecans

C a s e 5.—N.H., age 60 years, developed hip
pain after 18 months’ treatment with systemic
steroids. She then received three intra-articular
injections, the only patient in this series to do
so. Over a period of five months she showed
an astonishing degree of hip-joint destruction
(Figs. 8a, b and c). At operation the femoral
head was found to be destroyed beyond recog
nition .
C a s e 6.—R.S., a 13-year-old boy, had re
ceived steroids for 10 years. He was severely
Cushingoid. A flat plate of his abdomen at IIV2
years of age showed that his hip joints were
normal. Two years later (Fig. 9) he showed
advanced evidence of avascular necrosis. He
had had pain for IV2 years and at this time

The final patients (Group B.2, Table VI)
were also discharged from hospital with a
diagnosis of avascular necrosis. Again, how
ever, their lesions do not resemble those in
Group A.
C a s e 7.— M.G., a 60-year-old woman, de
veloped spontaneous hip pain. Over a period
of four months, marked resorption of the fe
moral head occurred (Figs. 10a and b). As
piration and biopsy of the hip joint provided
no evidence of the cause of the lesion. At
Moore arthroplasty, extensive necrosis of the
femoral head was present, with some reactive
synovitis, but no evidence of a rheumatoid pro
cess or of infection.
C a s e 8.—At operation, M.A., aged 25 years,
showed what is probably an osteochondral
fragment (Figs. 11a and b). This lesion is
not in the weight-bearing portion of the fe
moral head and is more typical of osteochon
dritis dissecans.
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Fig. 10a.—M.G. Two weeks after onset of hip pain. Narrowing of the joint space of the right
hip with some flattening of the articular surface.

Fig. 10b.—M.G. Three months later. The radiographs show gross destruction of the head of the
right femur.
D is c u s s io n

Fourteen patients had avascular necrosis
of spontaneous onset, a 7.2% incidence in
125 consecutive cases of avascular necrosis;
this incidence was greater than anticipated.
This sub-group (spontaneous avascular ne
crosis) was slightly more common than

post-dislocation necrosis and in frequency
was second only to intracapsular fractures
of the femoral neck in the adult age group
(Table I).
Systemic adrenal cortical steroids were
administered in eight of the fourteen pa
tients. This observation appears to be of
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Fig. 11a.—M.A. Ten-year history of periodic pain and clicking in hip. Radiograph of the right
hip shows a radiolucent area at the site of the fovea centralis.

*
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*
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Fig. l i b .—M.A. Exposure at operation of an osteochondral fragment adjacent to the attach
ment of the ligamentum teres to the fovea centralis.
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significant etiological importance and prob
ably explains the increasing incidence of
this lesion in recent years. The consump
tion of excessive amounts of alcohol has
also been suggested as a factor and a t least
two of these patients were confirmed alco
holics.22’ 25 Two instances of spontaneous
avascular necrosis in association with Cush
ing’s disease have now been recorded in
the literature.21’ 25
Ten of the 14 patients with spontaneous
necrosis of the femoral head showed a
“typical” pathological pattern. In patients
with a history of steroid treatment, the
lesion appears to progress more rapidly. In
Cases 1 and 2 the first radiological sign was
a radiodensity appearing in the femoral
neck at the junction with the head. Micro
scopically, this lesion corresponded to appositional new bone formation.2 The bone
proximal to this area was quite avascular.
The lesion in Case 4 showed a different
pattern, consisting of a definite wedgeshaped compression fracture in the weight
bearing portion of the femoral head. This
had healed but avascular changes were
seen proximal to the fracture line.
A secondary fracture through avascular
or revascularizing bone was a relatively
common finding in the specimens that were
excised, so that a thin flap of cartilage with
attached subchondral bone was elevated
(Fig. 4c). Osteoporosis was a prominent
finding in the femoral heads of the major
ity of these patients. The absence of any
consistent vascular pathology m ay be a
significant negative finding. Only one pa
tient had evidence of avascular necrosis
elsewhere, although other authors have re
ported this lesion in the head of the
humerus and in the lateral femoral con
dyle.12, 25
Because of the long duration, often
years, between the initial insult and the
time of operation, it is difficult to draw any
conclusions concerning etiology from the
pathological material. At the present time
the major theories of the etiology of spon
taneous avascular necrosis may be broadly
classified as vascular and mechanical. Pro
ponents of the vascular theory suggest such
processes as arteriosclerosis, bland throm
bosis, embolus or proliferative endarteritis
as the basic causes.5’ 8> 23> 26-28 In the pres
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ent study, no evidence to support these
contentions was found. Two recent sugges
tions have been advanced to explain the
absence of vascular pathology. The first
concerns intravascular agglutination or
sludging; the second, shunting of blood
through glomus bodies in the femoral neck
rendering the head ischemic18— a process
analogous to the Trueta shunt in the kid
ney.
A primary mechanical cause may be re
sponsible for some of these lesions. In some
cases in this series, a fatigue fracture at
the junction of the head and neck is sug
gested (Fig. 2a) and in others a compres
sion fracture of the head alone (Fig. 3c). In
either case the fracture line crosses the
blood supply to the proximal fragment at a
point where the vessels lie entirely within
cancellous bone.34’ 35 Under these condi
tions even minimal displacement would
shear vessels and render the proximal frag
ment avascular. The presence of a fatigue
fracture would explain the early finding of
radiodensity in the femoral neck owing to
healing with the formation of appositional
new bone. The osteoporosis observed in
the majority of these patients would pre
dispose to fracture.
The findings in this series support the
contention that the systemic administration
of adrenal cortical steroids predisposes to
avascular necrosis of the hip. In nearly all
of these patients the dose was large, usual
ly producing cushingoid features. The la
tent period between the onset of steroid
therapy and the hip-joint symptoms was
surprisingly uniform — between IV2 and
2 V2 years.
Unfortunately, no evidence was obtained
in the course of the present investigation
that sheds any light on the mechanism by
which steroids produce this lesion. Certain
evidence suggests that steroids may in
crease blood viscosity12 and thus predis
pose to intravascular agglutination. This
phenomenon has also been alleged to occur
in chronic alcoholism. Blockage of end
arteries following intravascular agglutina
tion may then lead to avascular necrosis.
Osteoporosis, a well-known complication of
prolonged steroid therapy,10,26 was also
commonly seen in this series. Such osteo
porosis may predispose to trabecular frac-
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tures without gross displacement. Because
of the unique blood supply of the femoral
head,34' 35 avascular necrosis of the proxi
mal fragment could follow such fractures.
Further investigation is necessary to estab
lish the pathogenesis of this lesion, spon
taneous avascular necrosis of the femoral
head.

13.

14.

Su m m a r y

The incidence of spontaneous avascular
necrosis of the head of the femur is appar
ently increasing. It has been suggested that
this increase may be a sequel to the wide
spread use of systemic corticosteroids.
A primarily mechanical pathogenesis is
suggested to explain the remarkable con
sistency in the pattern of the lesion despite
its apparently diverse etiology.
The authors would like to thank Dr. D. Thomp
son of the Department of Pathology, University
of Toronto, for his aid in preparing and inter
preting the histological preparations, and Drs. R. I.
Harris and F. P. Dewar, for their encouragement
and contribution of case material.
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R esum e
Les causes de necrose ischemique de la tete femorale sont tres nombreuses; l’osteochondrite dis-

M ATHEM ATICAL ELEMENTS OF L A M E L
LAR BONE REM ODELLING. LI. M. Frost.
127 pp. Must. Charles C Thomas, Springfield,
111.; The Ryerson Press, Toronto, 1964. $8.00.

This very small publication represents an ex
tremely detailed and indeed intricate analysis
of the histodynamics of lamellar bone. As such,
largely because of the extensive mathematical
knowledge essential to comprehend the text,
it has an extremely limited value to general
physicians and surgeons. Nevertheless, in its
limited field it appears to offer a relatively
complete and comprehensive assessment of
the mathematical properties in the assessment
of bone. It is doubtful whether this text will
have much general interest for any but the
most specialized experts in the field of bone
histology and pathology.
ATLAS OF PLASTIC SURGERY. 2nd ed. M. I.
Berson. 336 pp. Must. Grune & Stratton, Inc.,
New York; The Ryerson Press, Toronto, 1963.
$27.50.

This book sets down in pictorial form many
of the surgical procedures currently used in
the field of plastic surgery. Sections on wound
closure, including scar revision, skull, nose,
ears, the eyelids and eye, and mammoplasties,
are included. In the preface, the author states
that procedures described are those he uses
in his own practice. The emphasis is on those
working essentials needed by the practising
surgeon confronted by a specific problem.
There has been no attempt to supply a com
prehensive surgical text.
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sequante est souvent impossible a reconnaitre de
la necrose. Cet article est une etude statistique
portant sur 125 cas, catalogues sous les etiquettes
de “ necrose avasculaire” et “ osteochondrite dissequante” , qui ont pu etre retrouves dans les
archives du “ Toronto General Hospital depuis
1950. Tous les cas presentant un contexte traumatique furent systematiquement elimines, de
meme que les enfants, afin d ’etre sur de rejeter
la possibility de confusion avec le syndrome de
Legg-Perthes. On a ainsi pu classifier ces malades
en deux groupes: “ typiques” et “ atypiques” ; les
histoires de sept d’entre eux sont presentees en de
tail. Cette etude fait ressortir que l’incidence de
la maladie est en voie d’augmentation. Ceci est
peut-etre relie a l’usage des corticosteroides, qui,
precisement, furent mis sur le marche en 1950,
date a laquelle commence cette statistique. Dans
tous les groupes, il existe une majorite de cas ou
les patients avaient anterieurement repu de cette
drogue pour une affection independante. Toutefois, la pathogenie d’ordre mecanique semble
jouer un role constant dans les lesions malgre
la diversite apparente de l’etiologie.

There are no references. Illustrations and
line drawings are of good quality.
In conclusion, the atlas will fill a limited
need for those surgeons not trained in plastic
surgical principles, and for those who do not
have a plastic surgical consultant readily avail
able. Presumably this is the author’s purpose.
PATHOLOGY OF TU M O U RS OF THE N E R 
VOUS SYSTEM. 2nd ed. Dorothy S. Russell
and L. J. Rubenstein, with a chapter on Tissue
Culture in Relation to Tumours of the Nervous
System by C. E. Lumsden. 345 pp. Must. E d 
ward Arnold (Publishers) Ltd., London; The
Macmillan Company o f Canada Limited, T or
onto, 1963. $12.50.

It seems natural that a second edition of this
book should follow the publication of the new
edition of Greenfield’s “ Neuropathology” , es
pecially as Professor Russell has associated
herself with the latter volume. This text has
been slightly enlarged to include a description
of tumours of the adenohypophysis and to al
low an expansion of Professor Lumsden’s chap
ter on the tissue culture of brain tumours.
It is to be expected that this edition will
have a reception as enthusiastic as that o f 1959
when the first edition required a reprinting
within a year of its publication.
The format of the book has been kept uni
form with its companion volume, Greenfield’s
“Neuropathology” . The illustrations have been
improved and are uniformly excellent. The
references at the end of each chapter to rele
vant literature are well chosen, and the index
is adequate.
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CASE REPORTS
SEPTA TE G A LLBLA D D ER
BRAJ MOHAN, B.Sc., M.B., M.S.( Agra)," Calcutta, India

C ongenital anom alies of the gallbladder
that result in dysfunction are relatively in 
frequent. V ariations in size, shape and posi
tion of the gallblad d er are n o t uncommonly
encountered during abdom inal surgery or
autopsy.1 In a study of 100 unselected
dissections, anom alies w ere found in 5 %
of specim ens in w hich th ere was no evi
dence of associated biliary tract disease.2
It is p robable that radiography could re 
veal such varied m orphology during life.
Anomalies of size, nam ely giant or rudi
m entary g allblad d er, are less com m on.3
Anomalous positions of the gallblad d er pre
sent tech n ical difficulties during operation
and are usually related to variations in
peritoneal fixation and rotation of the
gut.4’ 5 Anom alies o f shape are of particu
lar interest from the em bryological stand
point. T h e literatu re on this su bject con
tains a com plex term inology adopted for
the description of such anomalies.
Stricture of the gallbladder was the term
applied at the turn of the century to in
clude such anom alous forms as “hourglass”,
hilobed, b ilo cu lar and diverticular types. It
is doubtful w hether the “hourglass” g all
bladder is a true congenital m alform ation.5
T h e know ledge available today is mostly
based on Boyd en’s studies o f com parative
em bryology and anatom y o f the g allblad 
der. T h e classification of W eiss, the m ost
explicit in describing the variations in
form and their origin,8 is as follow s:
( a ) Ductular —derived from supernum erary
pockets arising from the hep atic, cystic or
common b ile ducts, ( b ) Bilohular —formed
by initial subdivision of the prim itive g all
bladder bud. ( c ) Diverticular —resulting
from a persistent septum in the em bryonic
gallbladder, ( d ) Trabecular—dependent on
vesicular outgrow th of the h ep atic tissue.

"District Medical Officer (Surgeon), S.E. Railway,
Garden Reach, Calcutta 43, India.
Former Clinical Fellow (under the Colombo Plan),
Department of Surgery, Royal Victoria Hospital,
Montreal.

T h e ca se reported below illustrates the
diverticular type o f anomaly:
C ase R eport
Mrs. B., a 46-year-old Anglo-Indian stenog
rapher, was admitted to the S.E. Railway Hos
pital for investigation of acute upper abdomi
nal pain. She had had attacks of pain for
seven to eight years but their frequency had
increased during the past year. The pain was
colicky in nature and was usually located over
the epigastrium with a tendency to radiate to
the right side. It bore no relationship to meals.
It usually lasted for about 15 to 30 minutes
and usually subsided spontaneously, but occa
sionally required the use of antispasmodics.
The pain was usually accompanied by nausea
and sometimes by vomiting. Between attacks,
the patient felt perfectly well. Otherwise, she
was a healthy woman of average build who
had no additional complaints. There was no
history of jaundice or of any other severe
illness.
Physical examination did not reveal any
positive findings. Her family physician had re
corded tenderness in the region of the right
hypochondrium on previous examinations dur
ing the attacks of pain.
She had been investigated earlier by exam
inations of blood, stool, urine, chest radio
graph, fractional gastric test meal, barium meal
with small bowel follow-through, cholecystog
raphy, electroencephalogram and VDRL test.
No abnormality was reported. After admission
to the hospital, the tests were repeated, again
with negative findings except for the cholecystogram. It showed a well-functioning gall
bladder with a good concentration of dye ( Fig.
1) and good contraction after a fatty meal
(Fig. 2 ) , but the shape of the gallbladder ap
peared to be abnormal. It was still doubtful
whether this finding could account for her
symptoms.
Exploratory laparotomy was performed
through a right upper paramedian incision.
No abnormality was noted and the gallblad
der had a perfectly normal appearance. Chole
cystectomy was performed. The postoperative
course was smooth and the patient left the
hospital on the tenth postoperative day.
She has remained symptom free for over two
years.
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Fig. 1.—Cholecystogram showing septate gall
bladder.

Gross Pathology of the Specimen (Fig. 3)
The external appearance was normal. On
opening the gallbladder, a transverse septum
was seen in the body which divided it into
two distinct cavities. The cavities communi
cated with each other through a central per
foration in the septum. The aperture admitted
a glass rod, 2 mm. in diameter. The wall of
the distal cavity and the septum was relatively
thicker than that of the proximal cavity. There
were no stones and thick dark green bile was
present in both cavities.

Fig. 2.—Cholecystogram after fatty meal show
ing good contraction of septate gallbladder. The
two cavities can still be visualized.

However, the origin of connective tissue
and muscular elements in the septum is
difficult to explain.
The septum is more often longitudinal
than transverse and this anomaly has also
been reported as bilocular gallbladder.12’ 13

C om m ents

The diverticular type of anomaly due to
a persistent septum is commonly called a
septate gallbladder. It differs from the bilobed variety in that the gallbladder shows
no evidence of splitting or pairing on its
external surface . 5 The Phrygian cap, often
reported as a congenital malformation, is
not generally believed to be a congenital
anomaly. 5 It gives the appearance of puck
ering over the fundus of the gallbladder
and produces a distinct kink or folding.
Chiray and Lomon 10 thought that the
transverse septum originated from an ab
normal development of the valves of Heister which are often large in the distal part
of the cystic duct .8
I t is now generally accepted that the
septum is formed by the incomplete reso
lution of the solid stage through which the
gallbladder passes in embryonic life.1, 6 ' 11

Fig. 3.—Specimen of septate gallbladder re
moved after operation. The transverse septum and
the two cavities communicating with each other
can be seen. The constriction seen in the photo
graph is due to eversion of the septum, artificially
produced for its clearer demonstration.
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The transverse septum has not been
commonly observed and only three
cases7' 10’ 14 could be found in the litera
ture since 1900. The transverse septum is
always perforated. When fully developed,
the septum can be demonstrated by radiog
raphy, provided that the gallbladder is
otherwise normal.
Symptoms such as epigastric fullness and
pain of varying intensity can be attributed
to contraction of the distal gallbladder
against the resistance of pooled thick bile
in its cavity, from which it cannot be evac
uated. It is possible that the communica
tion between the two cavities becomes
temporarily closed due either to spasm in
the fxbromuscular septum7 or to neuro
genic dyskinesia in the smooth musculature
of the gallbladder.
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R esume
Su m m a r y

A case of transverse septum in the gall
bladder is described. The septum is be
lieved to originate in incomplete resolu
tion of the solid stage in the development
of the gallbladder. The congenital anomaly
is of particular interest in that it can give
rise to obstructive symptoms. It can be
demonstrated by radiography and requires
surgical intervention.
The author is grateful to Dr. Lloyd D. MacLean, Surgeon-in-Chief, Royal Victoria Hospital,
Montreal, for his encouragement, and to Dr. J.
Langman, Professor of Embryology, McGill Uni
versity, Montreal, for his advice and comments on
the case.

R eferences

1. L ichtman , S. S.: Diseases of the liver, gall
bladder and bileducts, vol. 2, L ea &
Febiger, Philadelphia, 1953.
2. D owdy, G. S., Jr ., Waldron, G. W. and
B rown, W. G .: Surgical anatomy of the
pancreatobiliary ductal system, Arch. Surg.
(Chicago), 8 4 : 229, 1962.
3. G rosberg , S. J.: Giant gallbladder, A m er. J.
Dig. Dis., 7: 1039, 1962.
4. B raasch, J. W .: Congenital anomalies of the
gallbladder and bile ducts, Surg. Clin. N.
Amer., 38: 627, 1958.
5. Gross, R. E .: Congenital anomalies of the
gallbladder, A rch. Surg. (C hicago), 3 2 : 131
1936.
6. F owler , W. F.: Stricture of the gall-bladder,
Ann. Surg., 6 6 : 679, 1917.

II n’y a que peu d’anomalies ou de modifications
congenitales de l’anatomie de la vesicule biliaire
que se traduisent par des troubles cliniques. II a
ete montre, sur une serie de 100 dissections de
cadavres pris au hasard, que seulement 5% presentaient un status biliaire anormal, mais aucun
d’eux n’avaient cause de dysfonction. Les cas de
localisation anormale de la vesicule peuvent donner lieu a des difficultes operatoires, et sont generalement associes a des anomalies de l’insertion du
peritoine. Les variations portant sur la forme de
la vesicule ont ete etudiees abondamment et on
trouve dans la litterature une terminologie compliquee s’y rapportant. Ces variations peuvent etre
classifies comme suit: (1) canaliculaire: cette
forme derive de petites poches surnumeraires sur
le trajet des voies biliaires; (2) bilobulaire: il s’agit
ici d’une double partition du bourgeon vesiculaire;
(3) diverticulaire: c’est la persistance du septum
embryonnaire; (4) trabeculaire: resultat d’une
croissance vesiculaire dans le parenchyme hepatique. L ’histoire d’un cas est resumee, qui est
un exemple de la variete diverticulaire. II s’agit
d’une femme de 46 ans, admise a l’hopital pour
une crise douloureuse du quadrant abdominal
superieur droit. Ce genre de douleurs est deja
survenu a plusieurs reprises dans les six ou sept
dernieres annees. L ’examen physique ne montre
rien de particulier. Les examens de laboratoire
sont normaux. Les radiographies de la vesicule
biliaire permettent de voir une vesicule dont la
forme est anormale, mais dont la fonction est
bonne. Devant la persistance des troubles, on de
cide une exploration. Celle-ci est effectuee a
travers une incision paramediane haute, et 1’on
pratique une cholecystectomie. Les suites opera
toires furent sans histoire. L ’examen anatomopathologique permit de decouvrir une cavite ve
siculaire partagee en deux portions distinctes grace
a l’existence d ’un septum perfore.
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IN FE R IO R M E SE N TE R IC V A SC U L A R O C C LU SIO N
A. T. VARGA, M.D., F.R.C.S.[C]* and D. J. CURRIE, M .D., F .R .C .S.[C ],t Toronto

R ecently an interesting patient with in
ferior mesenteric arterial occlusion and
ischemic infarction o f the descending colon
was treated at St. Michael s Hospital,
Toronto. It is the purpose o f this paper to
present this case and review the subject of
inferior mesenteric vascular occlusion.
C ase R eport
F.L., a 33-year-old white man, was admitted
to St. Michael’s Hospital at noon on March 9,
1962. He had been perfectly well until 9 a.m.
on the morning of admission when, shortly
after rising, he suddenly developed periumbili
cal and infraumbilical severe crampy pain.
This pain was constantly present but fluctuated
in intensity with severe episodes lasting several
seconds and occurring every few minutes. He
had vomited three times before admission.
Physical examination revealed an anxious
afebrile man in severe distress that was out of
proportion to the physical findings. General
examination revealed no evidence of extra
abdominal abnormalities apart from a short
systolic apical murmur. Abdominal examina
tion revealed some voluntary guarding and
vague tenderness over the whole abdomen.
There was no rigidity or rebound tenderness
and the bowel sounds were normal.
Laboratory investigations revealed a leuko
cyte count of 5900/c.mm. and a serum amy
lase of 44 Somogyi units; urinary porphyrins
were not present. A plain radiograph of the
abdomen was normal.
The patient was treated with sedation and
intravenous fluids and electrolytes. During the
subsequent week in hospital he had an eleva
tion in temperature up to 102° F., the erythro
cyte sedimentation rate was 43 mm./hr. His
leukocyte count increased to 11,900/c.mm.,
with a differential count showing 95% neutro
phils.
Sigmoidoscopic examination to 15 cm. re
vealed no evidence of disease. However, a
barium enema on March 15 revealed a con
stricting lesion 6 cm. in length at the junction
of the sigmoid colon and the descending colon.
sThe Department of Surgery, St. Michael’s Hos
pital, Toronto.
Present address: Toronto East General Hospital,
Toronto.
f Attending Surgeon, St. Michael s Hospital,
Toronto.

Above this lesion the mucosal folds were
markedly edematous and another area of nar
rowing, 5 cm. in length, was noted in the
mid-descending colon (Fig. la).
Clinically, the patient showed some im
provement but the pain persisted; it became
localized to the left lower quadrant of the
abdomen and was associated with guarding
and tenderness. He had several bowel move
ments which were normal. Four days after the
first barium enema, and 10 days after his
admission to hospital, a second barium enema
on March 19 revealed a diffuse, constricting
lesion 25 cm. to 30 cm. in length, involving
the above-mentioned areas and the area be
tween the original lesions (Fig. l b ) . The colon
proximal to this abnormality was distended.
A provisional diagnosis of segmental colitis
was reached and we decided to explore his
abdomen. At operation on March 22, the
whole of the descending colon and part of the
pelvic colon to about the mid-sigmoid region
was necrotic and bathed in pus. This area
was well walled off from the peritoneal cavity
by loops of small bowel (Fig. 2a). The inferior
mesenteric artery was thrombosed to its origin,
and thrombus was also present in most of the
accompanying veins. On cutting the mesentery,
only venous bleeding was encountered. The
involved bowel was removed (Fig. 2 b ), the
mesentery was resected, and an end-to-end
anastomosis was carried out between the trans
verse colon and the sigmoid colon (Fig. 2c).
A transverse colostomy was performed to pro
tect this anastomosis.
The postoperative course was uneventful,
and the colostomy was closed at a later date.
Even after the correct diagnosis had become
apparent, we were unable to establish with
certainty the cause of the inferior mesenteric
vascular occlusion in this patient. No source
of embolism was evident and no hematological
disease could be implicated. A short systolic
murmur at the apex of the heart had been
noted previously, but was not considered sig
nificant.
D iscussion

Incidence
Infarction of the descending colon, if
mechanical lesions such as volvulus or
strangulated hernia are exclu ded, is rare.
A recent review b y Selby and Rergan11
found only 24 cases reported in the litera-
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Fig. 1. Appearance on barium enema, (a) On March 15, 1962, two sites of narrowing are shown.
The lower narrowing appears in an oblique projection in the insert, (b) On March 19 1962 a narrow
ing with a length of 25-30 cm. is present.

ture. Carter et al.1 reported 14 cases in of either a congenital abnormality of the
eight years at the Los Angeles County Hos collateral vessels (the superior mesenteric
pital, and five cases have been seen in the system at the arc of Riolan and/or the
last 10 years at St. Michael’s Hospital. middle hemorrhoidal vessels) or occlusion
Vascular occlusions can be arterial, venous, of these vessels by disease. Slow occlusion
or combined: the arterial lesion is five is less likely to cause infarction than sud
times as common as the venous and the den occlusion because of the dilatation of
combined form is rare.
the collateral vessels which develops during
In relation to mesenteric vascular occlu slow occlusion. Infarction of the colon is
sion in general, inferior mesenteric vascu said to occur in only 2% to 3% of all cases
lar occlusion is only one-tenth9 to one- of occlusion of the inferior mesenteric ar
fortieth6 as common as superior mesenteric tery.11 Indeed, in aneurysms of the abdom
occlusion. Most instances of inferior arterial inal aorta, the inferior mesenteric artery is
occlusion are due to thrombosis, whereas not infrequently thrombosed and, during
most superior mesenteric arterial occlusions resection of the aorta, this vessel is tied
are due to embolism. This is apparently re off, usually with impunity. However, fol
lated to the size of the vessels, and the lowing this procedure, colonic infarction
angle at which they take off from the
occurs in 1% of cases.11
aorta.10
Most authorities believe that inferior
Age
mesenteric arterial occlusion results in in
This disease characteristically occurs in
farction of the colon only in the presence a person over 50 years of age, who has
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well-established or obvious cardiovascular
disease.5

Etiology
It is difficult to discuss the etiology of
inferior mesenteric vascular occlusion sep
arately from mesenteric vascular occlusion
in general, because the former is rare, and
the causes are similar even if the incidence
of each at different sites varies.3- 7
Embolic involvement of the mesenteric
arteries accounts for almost 20% of cases
of mesenteric vascular occlusion, although
thrombosis is more common in inferior
mesenteric arterial occlusion as already
stated. Johnson and Baggenstoss4 lay down
stringent requirements for the diagnosis of
embolism: 1. There must be a source for
an embolus. 2. Clinical symptoms of a sud
den onset must suggest embolic phenome
non. 3. The occlusion must involve only a
short segment of the artery. 4. The micro
scopical appearance of the occlusive struc
ture must suggest an embolus. 5. Embolic
phenomenon must have occurred elsewhere
in the body.
However, in practice, the diagnosis of
embolism depends primarily upon the rec
ognition of the site of the origin of the
embolus. The heart and the aorta are the
usual sites, although paradoxical emboli
and emboli from pulmonary veins after
septic pulmonary infarction may occur
rarely.
Although mesenteric vascular occlusion
is most frequent in the age range in which
arteriosclerosis is common, proved in
stances of mesenteric vascular occlusion
known to be directly due to arteriosclerotic
changes in the vessels make up only 5.9%
of cases. This figure is low probably for
several reasons. The indirect effects of ar
teriosclerosis, for example, embolism from
Fig. 2.—Operating-room photographs, (a) The
mural thrombi, are not included in this infected infarcted left colon (arrow) was walled
off by small bowel loops, (b) Unconventional left
estimate. Arteriosclerosis causes a gradual hemicolectomy, (c) Anastomosis of transverse colon
occlusion which is usually well tolerated. to lower sigmoid colon, both of which appeared
In the absence of carefql pathological to have normal circulation.
study of the mesenteric vessels, the lesions venous occlusion associated with migrating
may be missed because they usually in thrombophlebitis are rare causes, but if a
volve short segments.
patient known to have one of these dis
Thromboangiitis obliterans (Buerger’s eases presents with severe abdominal
disease), periarteritis nodosa, obliterative symptoms, mesenteric vascular occlusion
endarteritis of syphilis, and mesenteric should certainly be considered.
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Portal hypertension seems to predispose
to portal-system thrombosis and two-thirds
of mesenteric venous occlusions are associ
ated with hepatic cirrhosis of some type.
Intraperitoneal sepsis frequently causes
mesenteric venous thrombosis. This infec
tion usually follows abdominal or pelvic
operations such as abdominoperineal
resection of the rectum, prostatectomy or
pelvic-floor repair, but may follow acute
suppurative appendicitis, salpingitis or di
verticulitis.
Any operation may result in mesenteric
vascular occlusion in several ways. Vessels
may be injured directly, causing subse
quent thrombosis. Postoperative stasis and
dehydration increase blood coagulability.
Certain operations or procedures predis
pose to thrombosis in specific ways, for
example, portal anastomoses are prone to
thrombosis. Surgical correction of coarcta
tion of the aorta has been followed by an
extensive panarteritis of vessels below the
coarctation which was thought to be due
to the sudden increase in blood pressure.
Lumbar aortography has been followed by
mesenteric artery thrombosis usually when
sodium iodide or sodium acetrizoate (Urokon) were used.8
Blood disorders associated with in
creased tendency to clot, such as, poly
cythemia and the post-splenectomy state,
are associated with mesenteric vascular
occlusion only in a very small percentage
of cases.
Miscellaneous causes that have been
reported are mechanical, trauma, visceral,
allergy, ergot ingestion and lupus ery
thematosus.
In spite of all these causes, the largest
single etiological group is primary or idio
pathic intravascular clotting—about onethird of the total. Admittedly, some of
these cases have not been adequately in
vestigated in order to exclude a specific
cause.
In addition, Shaw12 in a recent paper on
mesenteric vascular occlusive diseases con
sidered that arteriospasm associated with
lasting hypotension (as in hemorrhagic
shock or severe depression of cardiac out
put accompanying serious heart disease)
created a vicious cycle terminating in ne
crosis.
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Clinical Findings
Clinically, acute inferior mesenteric vas
cular occlusion is characterized by sudden
onset and severe lower abdominal pain,
out of proportion to the physical findings.
The pain may be attributed to anoxemia of
the intestinal musculature and was termed
“intestinal angina” by Dunphy and Zollin
ger.11 In the cases reported, all had left
lower quadrant pain and tenderness, twothirds had a bloody rectal discharge or
bloody stools, and most showed some de
gree of shock either early, owing to blood
loss, or late owing to peritonitis.
Sigmoidoscopic examination is important
because the mucous membrane is involved
early, appearing bluish-black; it later
ulcerates.2 A putrid, bloody rectal dis
charge may also be encountered.
Laboratory Findings
The only consistent laboratory finding is
an early leukocytosis appearing with the
onset of peritonitis.
In the stage of peritonitis, paracentesis
may yield a “prune-juice like” bloody dis
charge.
Radiographical Findings
The radiological changes are rarely dis
tinctive, although the involved portion may
appear contracted at the site where the
proximal colon is dilated with gas and
feces; this change may even suggest me
chanical obstruction. Because of local
edema, the bowel wall may appear thick
ened and nodular even on plain radiographic films.
The barium enema shows these changes,
as well as a nodular polypoidal mucosal
thickening and ulceration not unlike
ulcerative colitis. The infarcted colon be
comes rigid and non-distensible, the haustral markings are obliterated, and evacua
tion of barium is incomplete.
The danger of perforation by barium
enema, or an ordinary enema, is ever pres
ent and must be weighed against the need
for an accurate diagnosis.
Pathology
Infarction of the descending colon can
result either from arterial or venous occlu-
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N o. o f
■patients

E x p lored

Survivors

M ortality
rate

14
3
15

7
2
—

1
1
7

92%
66%
53%

5

2

1

80%

sion, and the infarction is usually hemor
rhagic in type. In the early stages there is
intense congestion and focal ecchymotic
discolouration. Later the wall becomes
edematous, thickened, rubbery and hemor
rhagic with exudation of blood. After 24
hours there is a fibrinous or fibrinopurulent
exudate on the surface, ulceration of the
mucosa and secondary contamination. Per
foration is likely to occur in three or four
days.
Ischemic infarction is also described and
is said to be due to arterial occlusion with
absence of collateral circulation. It occurs
very rarely.

Treatment
The bowel wall will tolerate total
ischemia for 12 hours. After this interval,
inevitable necrotizing changes ensue which
progress to gross gangrene in about 72
hours.5 Therefore the preferred treatment
of inferior mesenteric vascular occlusion is
early operation with resection of the in
volved segment and a margin of healthy
colon and mesentery. Postoperative antico
agulant and antibiotic therapy are recom
mended.
Although embolectomy, endarterectomy
and reimplantation of superior mesenteric
artery are accepted procedures in selected
cases, the inferior mesenteric artery usually
does not lend itself to these procedures
because of its smaller size.
In the stage of acute generalized periton
itis, it may be well to wait until localization
has occurred. Proximal colostomy and
drainage of the infection has, in cases of
perforated colon, been necessary.

Mortality
The mortality rate ranges from 53% to
92% (Table I).'

Su m m a r y

Infarction of the bowel due to mesen
teric arterial occlusion is usually hemor
rhagic in type. An interesting case of
ischemic necrosis of the descending and
sigmoid portions of the colon occurring in
an otherwise healthy 33-year-old man is
described. The infection, which followed
necrosis of the bowel, became well local
ized on conservative management. Success
ful resection was performed 10 days after
the onset of the illness.
The authors wish to thank Mr. Arthur Smialowski, F.R.P.S., for the photographic reproductions.
Dr. W. Keith Welsh kindly reviewed the manu
script.
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R esum e
Histoire d’un cas. II s’agit d’un homme age de
■33 ans, admis au “St. Michael’s Hospital” de
Toronto en mars 1962. II souffre depuis trois
heures de tres violentes douleurs abdominales dans
la region peri-ombilicale, ayant apparu de fagon
extremement subite. II a egalement des vomisse-
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ments. L ’etat general est mauvais, hors de propor
tion avec les resultats de l’examen physique; il
n y a pas de fievre; on ne trouve pas de defense
musculaire de la paroi abdorninale. Les examens
de laboratoire et la radiographic a vide de l’abdonien ne montrent rien d’anormal. Le malade est
alors traite par des sedatifs et par injection intraveineuse de fluides et d’electrolytes. Quelques
jours plus tard, le tableau s’aggrave: une tempera
ture a 102°F. apparait; le nombre des globules
blancs monte a environ 12,000 avec 95% de neutrophiles. Un lavement baryte est alors effectue:
il revele une constriction sur 6 cm. de longueur
a la jonction des colons descendant et sigmo'ide,
ainsi que des signes d’oedeme de la muqueuse.
Cette situation demeure inchangee et meme
s’aggrave encore. On decide alors une exploration.
On decouvre une necrose purulente interessant
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tout le colon descendant et le sigmoide jusque
dans sa portion moyenne; la cause de ces troubles
est une thrombose de l’artere mesenterique inferieure remontant jusqua son origine. La masse
intestinale necrosee est bien separee de la grande
cavite, par un paquet d’anses greles. On procede
a 1 excision de l’intestin lese et Ton pratique une
anastomose termino-terminale entre le sigmoide
et le transverse, interessant le mesentere corres
pondent. Une colostomie transverse de securite
complete l’intervention. Les suites operatoires
furent tres satisfaisantes et le malade se retablit
completement. Les auteurs resument alors la l i 
terature relative aux thromboses mesenteriques
inferieures. Dans le cas present, l’etiologie n’a pas
pu etre etablie; aucune source d’embolisation
n’etait decouvrable, et le patient n’etait atteint
d’aucune maladie sanguine.

CYSTIC LYMPHANGIOMA OF THE ADRENAL ASSOCIATED WITH
ARTERIAL HYPERTENSION *
R. B. LYNN, F.R.C.S., Kingston, Ont.

A lthough adrenal gland cysts are uncom 
mon and are seldom diagnosed preoperatively, it is probable that th e scarcity of
such reports is the result of clinical silence
rather than true rarity. Sin ce the first case
report by G reiselius in 1670, approxim ately
155 ad renal cysts have b een docum ented
and in none was arterial hypertension a
notable featu re.1 In view o f this, it was
felt th at an adrenal cyst associated w ith
in tractable hypertension was worthy of re 
port.
C ase R eport
In December 1961, W.A., a 50-year-old
man, was admitted to the Hotel Dieu Hospital
in Kingston with a three-year history of hyper
tension that could not be controlled by medi
cal measures. He complained of frequent
headaches, dizziness, nausea and lassitude,
and in spite of the administration of Rauwolfia,
guanethidine (Ismelin), barbiturates and hydro
chlorothiazide (Hydrodiuril), the resting blood
pressure on admission was 200/100 mm. Hg.
Physical examination was within normal limits
except for the blood pressure which, in spite
of all medication, fluctuated between 150 to
“Department of Surgery and Department of Medi
cine, Hotel Dieu Hospital and Queen’s University,
Kingston, Ont.

200 systolic and 90 to 120 mm. Hg diastolic
during his preoperative hospital stay.
An electrocardiogram showed left ventricu
lar hypertrophy. Chest radiograph showed only
some prominence of the aortic knuckle. All
biochemical tests were within normal limits:
the blood urea nitrogen (BUN) was 12 mg.;
creatinine, 1.5 mg.; and phenolsulfonphthalein
(PSP) excretion, normal. The intravenous pyelogram showed a large bilobular mass with a
calcified wall above the left kidney, which was
displaced downwards (Fig. 1). A similar finding
had been noted in a radiograph in March
1961. A Regitine (phentolamine hydrochloride)
test was negative on two occasions and a retro
grade aortogram carried out by the Seldinger
technique through the femoral artery showed
normal renal vasculature. Urinary catechol
amines were within the normal range.

Operation
On January 19, 1962, a left adrenalectomy
and renal biopsy were carried out. At explora
tion the left adrenal gland was replaced by a
cyst the size of a tangerine. The kidney was
grossly normal.
The postoperative course was interrupted
by a wound infection but in this period the
blood pressure ranged from 140/90 to 130/75
mm. Hg and on discharge from hospital on
February 14, 1962, the patient was normotensive.
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Fig. 1.—Intravenous pyelogram showing down
ward displacement of left kidney by calcified mass.
Follow -U p
The patient was seen at regular intervals,
and at review on February 4, 1964, two years
after the adrenalectomy, the blood pressure
was 140/84 mm. Hg, and physical examina
tion was within normal limits. The patient had
had no headaches, dizzy spells or complaints
referable to the cardiovascular system during
the intervening two years. Examination of the
fundi and the heart and lungs was normal.
The electrocardiogram too was normal.
Pathology Report
Gross exam ination.— The excised adrenal
mass was a globular structure 5 cm. in diame
ter. A bright yellow, flattened, ridge-like pro
jection on the outer surface was clearly
identifiable as adrenal cortical tissue. The
main mass, which had a resilient fluctuance,
was smooth and pinkish. When opened the
mass was found to consist of a central cavity
with a thin, membranous, grey lining which
contained yellowish, opaque, semi-fluid ma
terial and soft friable chunks of yellowish-pink
gelatinous coagulum. Yellow adrenal cortical
tissue surrounded about half of the cyst. In
cutting through the cyst wall where it was
covered by adrenal cortex, occasional gritty
calcified foci were encountered.
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Fig. 2.—A portion of the lining of the large
central cystic area in the adrenal. In the upper half
of the picture is the densely fibrous cyst wall lined
by flattened endothelial cells. Projections of folded
portions of the lining appear in the lower portion
(HPS stain x 123).
Blocks of tissue from the portion of the cyst
covered by adrenal cortex showed the presence
of cortical tissue of normal disposition and
organization separated from the cyst lumen
by a dense fibrous wall of variable thickness
(Fig. 2); this tissue contained a few minute
foci of calcification. The cyst lining was com
posed of flattened endothelial cells. In some
areas the fibrous wall of the main cyst and
the adjacent adrenal cortex was penetrated by
multiple cavernous channels, lined by flattened
endothelium and containing a pale acidophilic
protein coagulum (Fig. 3). The morphology
of these spaces was that of lymphatic chan
nels and in a few areas the channels were, in
fact, surrounded by normal-appearing lympho
cytes (Fig. 4). Follicle formation was not a
feature. No adrenal medulla could be identi
fied in any of the sections prepared.
On gross examination, the renal cortical bi
opsy, a 13 x 6 mm. wedge, appeared to be
normal smooth-surfaced renal cortex.
Microscopical sections from the kidney bi
opsy showed evidence of pronounced diffuse
hyaline thickening of the media of the small
arteries and afferent glomerular arterioles. Al
though a few obsolete hyalinized glomeruli
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Fig. 3.—Multiple small lymphatic channels in a
portion of the wall of the large adrenal cyst. The
pattern is that of a cavernous lymphangioma. Note
normally vacuolated adrenal cortical cells in upper
part of the picture (HPS stain x 123).
were present together with fibrous foci, the
greatest part of the renal parenchyma was of
normal appearance.
The failure to find identifiable adrenal m e
dulla in microscopical sections of the adrenal
cyst wall cannot be taken as evidence that no
such tissue was present. It would appear, how
ever, that any medullary tissue in the speci
men was probably quantitatively less than
normal. The possibility that the lesion might
represent a cystic hematoma appears to be
excluded by failure of special stains to dem 
onstrate any iron-containing pigment in the
cyst or in its walls. The structure of the lesion,
m ultiple thin-walled channels occasionally as
sociated w ith lymphoid accumulations, makes
the identification of the lesion as a lymph
angioma reasonably certain.
D iscussion

Approximately 155 adrenal cysts have
been reported in the literature; over 100
of these have been incidental findings at
autopsy.1 These lesions are twice as com
mon in women as in men and the highest
incidence is in the fifth decade. They occur

Fig. 4.—Lymphocytic aggregations surrounding
distended lymphatics in the adrenal cortex (HPS
stain x 244).

with the same frequency on either side of
the body and 15% are bilateral.
Clinically these cysts are usually asymp
tomatic, although it has been reported that
mechanical pressure is exerted on the gas
trointestinal tract by huge cysts. Bleeding
into the cyst with pain and collapse may
occur, but altered adrenal secretory func
tion is not usually found even in the pres
ence of this complication.
Adrenal cysts are seldom diagnosed preoperatively and if their presence is sus
pected, roentgenography is the most valu
able diagnostic tool. Such investigations
may show calcification in the cyst and/or
displacement of the kidney. Perirenal gas
injection, aortography and tomography may
occasionally be of value.
Pathologically, the pseudocyst, which fol
lows organization of hemorrhage into a
normal or diseased gland, is the most com
mon. The second most common is the en
dothelial cyst which is most frequently
lymphangiomatous in nature; the cyst de
scribed in this report was of this type.
Parasitic (echinococcal), congenital, reten-
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tion cysts and cystic adenomas are extreme
ly rare.
No ready explanation is available con
cerning the causal relationship of the ad
renal lymphangioma to the clinical arterial
hypertension which was relieved by re
moval of the abnormal adrenal gland. It
is possible that the volume of the mass
might have fluctuated considerably from
time to time as the lymphatic channels
filled excessively or partially emptied and
that this may have in some way affected
adrenal function and thus produced hyper
tension. It seems unlikely that this change
in volume would be associated with a per
manent hypertension or with the advanced
degree of arteriolar changes seen in the
renal biopsy. The latter are usually con
sidered secondary to the hypertensive state
and are seen most often in essential hyper
tension.
It has been reported that venous obstruc
tion may be a causative mechanism in the
production of renal hypertension.2 Perhaps
in our patient the distortion of the renal
pelvis by the adrenal cyst caused obstruc
tion to the egress of blood from the kid
ney. As back pressure in the kidney was
produced, intraparenchymal pressure rose
with a resultant diminution in arterial
blood flow. Derrick and Rea2 suggest that
such renal ischemia may be associated with
a liberation of pressor substances which
leads to the production of hypertension. It
may be that such a mechanism was opera
tive in our patient.
W hy the patient reported herein had
uncontrolled hypertension is open to specu
lation since no evidence of excessive hor
monal secretion was obtained. The fact
that the previously uncontrolled hyperten
sion returned to normal after excision of
the cyst and has remained normal for two
years suggests, however, that the two were
related.
Sum m ary

A lymphangiomatous adrenal cyst asso
ciated with medically uncontrollable hyper

tension is reported. The patient’s blood
pressure returned to normal after excision
of the adrenal cyst and on follow-up exam
ination two years later the patient was
asymptomatic and normotensive.
The author would like to thank Dr. D. Waugh
for the pathology report, Dr. R. Dingwall for re
ferring the patient, and Mr. R. Irvine for the illus
trations.
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R esu m e
Les kystes de la surrenale sont rares, mais il
est curieux de noter que le premier cas de ce
genre ait ete decrit en 1670 par Greiselius. Cet
article resume l’histoire clinique d’un malade
atteint d’un kyste surrenal. II s’agit d’un homme
de 50 ans, admis a l’Hopital de l’Hotel-Dieu de
Kingston en decembre 1961. II souffre depuis trois
ans d’hypertension et ce symptome ne reagit a
aucune mesure therapeutique. Le patient se plaint
egalement de maux de tete, de nausees et de
fatigue generale. Bien qu’il soit depuis trois ans
en traitement medical a l’aide de differentes
drogues, la tension arterielle, lors de son admis
sion, est de 200/100. L ’examen physique ne revele rien d’anormal a part cela. Un electrocardiogramme montre une hypertrophie du ventricule
gauche. Les examens de laboratoire sont normaux.
Un pyelogramme intraveineux permet de decouvrir
une grosse tumefaction bilobee, situee au-dessus
du rien gauche, ayant une paroi calcifiee. En
janvier, on pratique une exploration; la glande
surrenale gauche est remplacee par une masse
kystique de la taille d’une mandarine. On en
pratique 1’excision et l’on procede a une biopsie
renale. Les suites operatoires sont sans histoire,
et la tension arterielle revient a la normale. Cet
etat est reste satisfaisant depuis, le patient etant
revu a intervalles reguliers. Du point de vue
anatomo-pathologique, il s’agissait ici d’une tumeur surrenalienne ayant un diametre de 5 cm.,
dont une portion presente l’aspect macroscopique
caracteristique du cortex. Il existait une cavite
centrale limitee par une coque de tissu grisatre,
contenant un liquide jaunatre et opaque. De l’exa
men microscopique on sait que les parties solides
de la tumeur sont formees essentiellement de tissu
cortical; aucune coupe ne permet de voir de zone
medullaire. Des epreuves histochimiques pour la
detection du fer permirent en outre de preciser
qu’il ne s’agit pas d’un hematome, mais bien d’un
kyste primaire.
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SPONTANEOUS RUPTURE OF SPLEEN
Report of a Case
DAVID NAIBERG, M .D./ SAUL SIDLOFSKY, M.D., F.R .C .S.[C ]t and
S. MILTON CHRIS, M .S.(Lond.), F .R .C .S .(E n g .),t Toronto
S po n t a n e o u s ru ptu re o f the spleen is an

in frequent o ccu rrence as judged by the
num ber o f cases reported in the literature.
In a thorough review of 71 published cases,
O rloff and P esk in1 concluded that only 20
of these cases satisfactorily fulfilled their
criteria for the diagnosis of this condition.
R ecen tly, w e encountered a case w hich, in
our opinion, m et their criteria, and dem 
onstrated several interesting aspects o f this
condition.
C a se R e p o r t

The patient, a 48-year-old hotel laundryman, came to the Emergency Department of
the New Mount Sinai Hospital on January 2,
1964, and complained that after consuming a
carbonated soft drink he experienced some
epigastric discomfort and became nauseated,
dyspneic and weak. He perspired profusely,
became dizzy, and left work shortly thereafter.
He vomited a small amount of fluid, which
resembled the ingested beverage, with some
relief. During the emesis he experienced some
pain in the interscapular region momentarily,
but there was no shoulder-tip pain. There was
no history of trauma, although he was accus
tomed to lifting small beer kegs in his work
at the hotel.
Functional enquiry did not reveal any pre
vious operation or illness particularly involv
ing the gastrointestinal system. He admitted
to smoking 25 cigarettes per day and to con
suming 12 ounces of liquor a week. There was
no history of bleeding or allergic disorder.
Physical examination revealed a pale middleaged man in no acute distress. Respiratory rate
was 36/min., but examination of the chest
was otherwise unremarkable. The heart rate
was 104/min., with a regular rhythm. Blood
pressure was 95/60 mm. Hg, and all peripher
al pulses were palpable. The abdomen ap
peared slightly distended and there was slight
diffuse tenderness on palpation, but no guard0Assistant Resident in Surgery, New Mount Sinai
Hospital, Toronto.
tChief Resident in Surgery, New Mount Sinai
Hospital, Toronto.
tAdjunct, Department of Surgery, New Mount
Sinai Hospital, Toronto.

ing or rigidity were elicited, There were no
palpable organs or masses. Rectal examination
revealed normal coloured stool and was other
wise negative. The remainder of the physical
examination was within normal limits.
An electrocardiogram (EC G ) was taken in
the Emergency Department, and on the basis
of the history and the ECG changes of atrial
premature beats and slight S-T depression, the
patient was admitted to the Medical Service as
a suspected myocardial infarction. Laboratory
investigations at the time of admission included
a hemoglobin of 67%, leukocyte count of 9300/
e.mm.; erythrocyte sedimentation rate of 3
mm./hr.; normal smear and differential; nor
mal urinalysis; prothrombin time of 16 seconds
(control 11 seconds); serum glutamic oxalo
acetic transaminase (SG O T) 11 units/c.c.;
fasting blood sugar 134 mg. %; blood urea
nitrogen 25.5 mg. %; calcium 9.2 mg. %, and
phosphorus 5.4 mg. %. The bleeding and clot
ting times were within normal limits. Flat
plate and upright films of the abdomen at the
time of admission did not reveal any abnor
malities.
On the day after admission he was seen in
consultation by the cardiologist, who felt that
the evidence for myocardial infarction was
slight. A repeat hemoglobin was reported as
52%. Because of this drop in hemoglobin, the
stools being repeatedly negative for occult
blood and there being no other evidence of
external blood loss, the cardiologist suggested
that this patient’s illness was an acute occult
hemorrhage, possibly of gastrointestinal orign.
A consultant on the Surgical Service was
called in. At this time the abdomen was found
to be moderately distended in the upper half,
with the point of maximum tenderness just
above the umbilicus. There was no guarding,
but some rebound tenderness was present. The
bowel sounds were active and rectal examina
tion was negative. Because of the rapid and
severe fall of hemoglobin without signs of ex
ternal hemorrhage, the possibility of an intraperitoneal hemorrhage was considered. A peri
toneal tap in the right lower quadrant was
performed, but was negative. However, when
repeated in the left lower quadrant, with the
patient in the left lateral position, grossly
bloody fluid was easily withdrawn. This con
firmed the presence of an intraperitoneal hem-
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Fig. 1.—Subcapsular hematoma in spleen.

Fig. 2.—Tear in capsule over hematoma.
orrhage and immediate laparotomy was hematoma was felt on the lateral aspect of the
spleen, which was normal in size but had a
planned.
The patient was rapidly transfused with sev tear through the capsule (Figs. 1 and 2). No
eral units of blood and the abdomen was other gross pathology was found on explora
opened through a left upper paramedian inci tion of the peritoneal cavity. Splenectomy was
sion. A large amount of free and clotted blood performed and the abdomen closed without
was present in the peritoneal cavity, particu drainage. The patient’s postoperative course
larly in the left upper quadrant. A subcapsular was completely uneventful and he was dis-
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charged on the twelfth day after operation.
Further questioning after the operation failed
to reveal any history whatsoever of trauma or
unusual strain. Additional laboratory investiga
tions were performed postoperatively, includ
ing direct and indirect Coombs’ tests, lupus
erythematosus cell tests, Paul-Bunnell test,
and cold and warm agglutinin tests; they were
all negative. Platelet counts and a red-cell
fragility test were normal.
The pathologist’s report on the spleen was
as follows:
. . a large clot with marginal
fibrin deposits is seen intimately attached to
the subcapsular surface of the spleen. Within
the splenic parenchyma the white pulp depos
its are seen and are typical in all respects. The
red pulp shows some blood cells, including a
few eosinophils. The general structure of the
spleen is unremarkable. Final diagnosis: Sub
capsular hemorrhage of spleen. Rest of spleen
free from pathological change”.
D iscussion
Orloff and Peskin1 in a thorough review
of spontaneous rupture of the normal
spleen, postulated definite criteria for the
diagnosis of this condition. These included:
1. The absence of a history of trauma or
unusual effort which could cause in
jury to the spleen.
2. Absence of disease in other organs
which might predispose it to rupture.
3. The absence of perisplenic adhesions
or scarring of the spleen suggestive of
previous disease or trauma.
4. Absence of abnormalities on both
gross and microscopical examination of
the spleen.
In a review of the English literature up
to 1958, 71 cases of spontaneous rupture of
the spleen were reported, but of these
only 20 cases fulfilled the above criteria,
and eight other cases were considered
borderline. A review of the literature since
then reveals two additional cases which
might satisfy the criteria.2' 3 This case is
reported as a third case since the review of
Orloff and Peskin.
The incidence is greater in males, with a
ratio of 19:9 in their review. The present
ing symptoms in our patient were those of
dyspnea, weakness and epigastric discom
fort. This, together with the abnormalities
in the electrocardiogram, occasioned his
admission to the Medical Service as suffer
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ing from a possible coronary occlusion.
Neither abdominal pain nor shoulder-tip
pain, nor any degree of hypotension or
tachycardia were predominant symptoms
or findings at any time preoperatively. A
surgical consultation was requested only
because of an unexplained drop in the
hemoglobin level from 67% on admission
to 52% on the second hospital day. At this
time there were no signs or symptoms of
external blood loss and there was only
moderate distension and tenderness in the
epigastrium. This, together with a falling
hemoglobin, raised the possibility of an
intraperitoneal hemorrhage, which was
confirmed by a peritoneal tap. It is inter
esting to note that a diagnostic paracentesis
had not been attempted in any of the pre
viously reported cases. In this case, there
was a latent period of 55 hours between
the time of admission and the time of
laparotomy. In only one of the 28 cases
reviewed by Orloff and Peskin was the cor
rect diagnosis made preoperatively.
Su m m ary
A case of spontaneous rupture of the
spleen originally presenting as coronary
occlusion is described. The correct diag
nosis was made on the basis of the falling
hemoglobin, the absence of external blood
loss and the demonstration of free blood in
the peritoneal cavity. In this case, as in the
others reported, the lack of history of
trauma caused a delay both in diagnosis
and in treatment.
R eferen ces

1. O r l o f f , M. J. and P e s k in , G. W .: Spontane
ous rupture of the normal spleen; a surgical
enigma, Int. Abstr. Surg., 1 0 6 : 1, 1958.
2. B r o d m a n , H. R. and B a u t ist a , J.: Spontane
ous rupture of the normal spleen: review
of the literature and report of one case
A M .A. Arch. Surg., 78: 406, 1959.
3. P e r l , J. I., D a r t e r , R. W. and M illes , G.:
“Spontaneous” rupture of a normal spleen;
report of a case, J. Int. Coll. Surg. 3 0 :
420, 1958.

R esume
La rupture spontanee de la rate est une urgence
grave, mais rare, si l’on en juge par les publica
tions sur ce sujet. Les auteurs resument ici l’histoire d’un cas. Un homme de 48 ans est envoye
d’urgence au “New Mount Sinai Hospital” de
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Toronto en janvier 1964 pour une faiblesse soudaine apparue peu avant, accompagnee de nausees
et de dyspnee. L ’examen physique montre un
malade pale et transplant profusement, mats dont
l’etat general n’est pas tres grave. L ’abdomen est
legerement distendu, sensible a la palpation, mais
ne presente pas de contracture musculaire de de
fense. L ’examen rectal est normal. Un electrocardiogramme decele une legere depression de l’onde
S-T, et le malade est alors transfere au Service
de Medecine. La suspicion d’un infarctus cardiaque ne se confirme pas; on note ulterieurement une chute marquee du taux d’hemoglobine,
et comme on ne trouve aucun saignement externe;
on pense a la possibility d’une hemorragie intraperitoneale. Une laparotomie d’urgence est pratiquee, sous transfusion. On trouve une grande
quantite de sang et de caillots dans la cavite

abdominale; l’origine en est une dechirure de la
capsule splenique. On precede, sans difficulty
technique speciale, a une splenectomie. L ’abdo
men est referme sans drainage. Les suites operatoires furent tres satisfaisantes et le malade put
etre renvoye au douzieme jour. Le diagnostic de
rupture “ spontanee” de la rate ne doit etre pose
qu’apres avoir soigneusement elimine les facteurs
suivants; (1 ) absence d ’histoire traumatique dans
les antecedents; absence d’effort violent; ( 2 ) ab
sence de maladie concommitante pouvant affecter
la rate; (3 ) absence d’adherences perispleniques,
ou de cicatrices sur la capsule de 1’organe, correspondant peut-etre a des maladies ou des traumatismes antecedents; et enfin ( 4 ) absence d’anomalies dans la structure de 1’organe. Les auteurs
insistent sur la difficulty qui existe pour poser
rapidement un diagnostic correct dans ces cas.

ADVANCES IN THE TREATM ENT O F M ENS
TRUAL DYSFUNCTION. Edited by Alvin F.
Goldfarb. 188 pp. Illust. Lea & Febiger, Phila
delphia; The Macmillan Company o f Canada
Limited, Toronto, 1964. $4.50.

stitute a major breakthrough in the field of
human reproduction. Notwithstanding this
omission, this book is excellent and should be
read by all.

This book presents an excellent review of the
newer developments affecting the treatment of
menstrual disorders as seen in everyday office
practice. The participants are all outstanding
authorities in their respective fields and this
is reflected in the quality and thoroughness of
the material and data submitted.
The more recent concepts of basic physiolo
gy affecting menstrual and ovarian function or
dysfunction are reviewed; a basic understand
ing of these aberrations becomes important if
one is to treat efficiently and effectively. Ex
cellent contributions deal with dysfunctional
uterine bleeding and amenorrhea, and with the
metabolic and biological activity of the syn
thetic progestins and the 19 nortestosterone
compounds. The discussion of a new experi
mental compound, Clomiphene, and of its
effects on the reproductive system and ovula
tion are a major contribution. The biological
activity of this compound is discussed and the
apparent capacity of this agent to induce ovu
lation under certain circumstances appears to
be a major breakthrough in the field of steril
ity.
A comprehensive and up-to-date assessment
of the presently available pharmacological
methods of controlling ovulation and endome
triosis is presented. The material is concise, to
the point and accessible. This work would
have been still more informative if more data
had been presented about the current status
of human pituitarv gonadotropin and its effects
on ovulation and human reproduction; the
work of Gamsell and Buxton appears to con

FO E TA L AN D NEONATAL PATH O LO GY. 2nd
ed. J. Edgar Morison. 538 pp. Illust. Butterworth & Co. (Canada) Ltd. Toronto, 1963.
$22.50.

The first edition of this book was published in
1952 and will be found on the bookshelves of
most pathologists who work in institutions
possessing obstetrical and pediatric services. It
has acquired a reputation as an authoritative
reference book on disorders of fetal and neo
natal life.
Much of this second edition has not only
been revised, but rewritten and expanded, the
resulting volume being half as large again as
the first edition, with more than twice the
number of illustrations. The illustrations are
well chosen and the diagrams are clear and
succinct.
Each chapter is followed by a bibliography
which is not only full but recent and up to
date. Following the British custom, most of the
references do not include the titles of papers.
This reviewer prefers and finds several advan
tages in bibliographies that include titles of
publications.
Doctor Morison’s text is not merely a treatise
on the morbid anatomy of the fetus and neo
nate, for considerable effort has been made to
correlate pathological processes with what is
known of the physiology of this period of
life.
This book is highly recommended for path
ologists, pediatricians and obstetricians, and
will serve as a profitable reference book for
pediatric surgeons.
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EXPERIMENTAL SURGERY
A TECHNIQUE FOR THE PERFUSION OF PULMONARY LOBES FOR
PROLONGED PERIODS
A Preliminary Report of an Experimental Study*
JOHN A. AW AD, M .D., W U LOU, M .D., JEAN-MARIE LEMIEUX, M.D. and
MAURICE BEAULIEU, M.D., Quebec, P.Q.

P ebfusion o f the lungs by means of an

extracorporeal circulation has been at
tempted by some workers,1'3 although
mainly as a form of treatment for pulmon
ary carcinoma. These methods, however,
involve perfusion of one or both lungs and
can only be performed for very short peri
ods. They usually involve the insertion of a
large inflow cannula into the pulmonary
artery and another outflow cannula into
the wall of the left atrium. The portion of
the atrial chamber containing the cannula
is totally occluded from the rest of the
circulation by a Satinsky clamp.
In this communication a technique will
be described for the isolation perfusion of
a lung or a pulmonary lobe in situ, in which
these structures can be perfused for pro
longed periods with minimal interference
with the general circulation.
E q u ip m e n t

The special equipment used consisted of:
1. Dotter-Lukas balloon-tipped catheters
(Fig- la ) . 2. Polyethylene catheters No.
330, whose tips are bent at right angles in
two different planes for ease of insertion in
the pulmonary veins. Four to six perfora
tions are made near the tip to facilitate
drainage (Fig. l b ) . 3. Ross transseptal
needles of different sizes for the perforation
of the atrial septa (Fig. l b ) . 4. A perfusion
pump ( Sigmamotor Model T M - l lf ) which
gives flows from 0.05 c.c. to 50 c.c./min.
The pump output is substantially indepen
dent of variations of pressure and will de
liver the calculated flow in spite of changes
in the resistance of the vasculature.
“ From the Department of Thoracic Surgery,
Hopital Laval, and the Research Laboratory of the
Institut de Cardiologie de Quebec, Quebec, P.Q.
This work was supported by the National Health
Project No. 604-7-395 of the National Health
Grants Program, Canada.
fSigmamotor, Inc., Middleport, N.Y., U.S.A.

M ethod

After many attempts, we have settled on
the following technique for the perfusion
of a pulmonary lobe. The dog is premedi
cated with atropine and anesthetized with
intravenous sodium pentobarbital. The ani
mal is then intubated and anesthesia main
tained, if needed, with oxygen and nitrous
oxide. The intrapulmonary pressures are
controlled by means of a Jefferson respira
tor and the lungs are maintained in a mod
erately inflated state at a positive pressure
of 20 to 25 cm. of water.
The dog is placed on its left side, a
large polyethylene catheter is inserted in a
forelimb vein and an infusion of 5% dex
trose is started. The hind limbs are widely
separated to facilitate the dissection and
isolation of the femoral veins. The right
thoracic cage is opened, and the lobe to be
perfused is dissected and freed completely
from the others.
The artery and vein of the lobe are then
mobilized. The dog is heparinized with a
dose of 2 mg./kg. body weight and an
additional 1 mg./kg. is given each hour
thereafter. The No. 330 polyethylene ca
theter is introduced into the left atrium by
a method modified from that of Ross,
Braunwald and Morrow.4 The catheter
which had previously been passed over a
Ross transseptal needle and washed well
in a heparinized solution is inserted into
the right femoral vein. During passage, care
should be taken to keep the tip of the
catheter just beyond the needle point so
as not to tear the vessels. From the femoral
vein the catheter and needle are passed
into the inferior vena cava and then into
the right atrium where the needle is turned
posteriorly and moved until it meets the
overhanging upper edge of the fossa ovalis
(limbus fossae ovalis). The septum is
pierced with the needle at this point; the
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Fig. I .—(a) The Dotter-Lukas catheter with balloon inflated, (b) From above downward, (i)
The Ross transseptal needle used for perforating the atrial septum, (ii) The polyethylene catheter bent
at right angles in two different planes at the tip. (iii) The catheter passed over the Ross needle.

catheter is slipped over the needle and
passed into the left atrium. With some
manipulation the needle, which is still kept
within the catheter, is directed towards the
vein to be cannulated and the catheter
placed into the vein. The needle is then
removed. Some practice and patience are
required before this technique is mastered
completely. The Dotter-Lukas catheter is
then inserted into the left femoral vein and
passed in succession into the inferior vena
cava, the right atrium, the right ventricle,
the main pulmonary artery and finally into
the artery of the lobe to be perfused.
There, the balloon is inflated so as to ob
struct completely the flow of unoxygenated
blood to the lobe.
At first we thought of cannulating the
lobar vein with a specially designed
balloon-tipped catheter which would ob
struct the flow of the perfusing fluid
around the catheter. However, we post
poned the development of this catheter in
order to concentrate on the evaluation of
the technique of perfusion. We felt that a
balloon-tipped catheter was not absolute
ly necessary for our purposes at this time
and applied only temporary ligatures
around the vein and the venous catheter

described in the text. S.V.C. Superior vena cava.
I.V.C. Inferior vena cava. R.A. Right atrium. L.A.
Left atrium. R.V. Right ventricle, L.V. L eft ven
tricle.
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Fig. 3.—View showing the isolation perfusion of a pulmonary lobe, using the Sigmamotor pump,

to prevent the pulmonary venous blood
from returning to the left atrium.
Each catheter is connected to a threeway stopcock. These are used either for
the removal of blood specimens or for the
injection of chemical substances.
The catheter from the vein is drained
into a graduated perfusion bottle of 500 or
1000 c.c. capacity. The opening of the
bottle is closed by means of a rubber top
pierced wth three holes: The first bole is
for the venous drainage. Into the second, a
long rigid plastic tube reaching nearly to
the bottom is inserted and connected to
the arterial line, after passing through the
fingers of the Sigmamotor pump. The third
outlet is used as an air vent and can be
shut completely by means of a stopcock.
It can be used for the injection of chemical
substances or for changing the pressure in
side the bottle by suctioning air with a
syringe.

The bottle containing the perfusing
fluid can be raised or lowered as needed,
thus increasing or decreasing the pressure
in the lobar vein. A screw can also be used
to occlude the venous line partially and to
diminish the venous return to the bottle.
The perfusing fluid is aspirated from the
bottom of the bottle by means of the Sig
mamotor pump and passed through a filter
before being injected into the arterial ca
theter. This set-up is shown diagrammatically in Fig. 2. When necessary, a small heat
exchanger can be incorporated into the
arterial line. Once perfusion is established
and well stabilized, the chest can be
closed; the catheters are removed only at
the end of the procedure and the femoral
veins are ligated (Fig. 3).
R esults an d C o m plic atio n s

Isolation perfusion of pulmonary lobes
was performed on 34 dogs. The results are

TABLE I .— R
Dog
No.

Weight
(kg.)

1
2

2 1.8
19.3

3

15.9

103

PERFUSION OF PULMONARY LOBES

January 1965

Perfusion
solution (ml.)

esu lts of

Flow rates
(ml./min.)
8
7

Dextran 500
—

Dextran 500

R.U .L.

Died during the night

iy 2

Died 4 hrs. later
Died 4 hrs. later
Died 3 hrs. later
Died during the night
Died 2 hrs. later
Died during the night
Died on table:
cardiac arrest
Died on table

Blood

300

7

500
500
500
500
500
500
500

8
8
4
4
4
6
7

19
20
21
22
23

19.0
16.3
20.4
20.4
21.3

Blood

24

18.1

25
26
27
28
29
30
31
32
33

17.2
17.6
24.9
22.0
24.4
12.9
20.9
16.0
?

34

22.9

—

i
i

1H

1H
1 M

1

—

—

—

—

—

—

—

Died: cardiac arrest
Died 3 hrs. later
Sacrificed 4 mos. later
Died during the night
Died during the night

500

5
5
12
18

1

R .M .L .
R .M .L .
R .M .L .
R .M .L .

Blood

500

5

1

R .M .L .

Died 3 hrs. later. Per
foration o f pulmonary

Blood
Blood

500
500

1
1

Blood
Blood
Blood
Blood
Blood

500
500
500
250
250

5
7
7
6
7
7
10
7
7

1
1
1
1
1
1

R .M .L .
R .M .L .
R .M .L .
R .M .L ,
R.U .L.
R .U .L.
R .M .L .
R .M .L .
R .M .L .

Died during the night
Died 4 hrs. later
Died 12 hrs. later
Sacrificed 3 mos. later
Died during the night
Died 4 hrs. later
Died during the night
Died during the night
Died from hemorrhage

Blood

250

7

1

R .M .L .

Died during the night

1
1

1H

I'A

C .— Congestion.
E.— Edema.
I.— Infarction.
M .— M oderate.
R .M .L .— Right middle lobe.
R .U .L.— R ig h t upper lobe.
3.—Slight.

shown in Table I. Heparinized blood (25
mg. heparin/500 c.c. blood) was the per
fusing fluids in all except five cases, where
dextran 500 c.c. was used. The perfusion
time was one hour in 20 dogs, one and a
half hours in seven and it varied between
two and three hours in the others. The
flow rates varied from 4 c.c./min. to 18
c.c./min. with an average of 7 c.c./m in.
The lungs were aerated during the whole
procedure with a positive pressure of 20 to
25 cm. of water, except in three cases
where it was increased after a time to 30
to 35 cm. of water in an attempt to de
crease pulmonary edema. Of the 34 ani
mals, there were five survivors (14.7%).
The cause of death in these animals has
been divided into two principal groups.
First Group
In the first group, death was considered
to be due to the effect of the perfusion
per se and not related to the technique

ogs

Appearance during perfusion

R.U .L.
R .U .L.
R.U.L.
R .M .L .
R .M .L .
R .M .L .
R .M .L .

500

2 0.4

—

Sacrificed 3 wks. later
Died 2 hrs. later

1

Blood

10

_______

R.U .L.
R .M .L .

Died during the night
Died 2 hrs. later
Sacrificed 6 mos. later

Blood

19.9

Result

1
3

R.U .L.
R .M .L .
R.U .L.

13.6
17.2
17.2

18

Lobe
perfused

2RS
3
1

7
8
9

Blood
Blood
Blood
Blood
Blood
Blood
Blood

Perfusion
time (hrs.)

34 D

9
7
7

16.3
14.7
16.3

14.7
15.4
11.1
19.0
18.0
24.5
2 3.4

in

Died from hemorrhage;
perforation o f aorta
Died during the night
Sacrificed 6 mos. later
Died next day

4
5
6

11
12
13
14
15
16
17

P u l m o n a r y L obes

R.L.L.
R .M .L .
R .M .L .

11
4
10

500

e r f u s io n o f

1
1
1

—

Dextran 500

I s o l a t io n P

S.E ., R .U .L.
M .E ., R .M .L . Air bubbles
in catheter
—

M .E ., R .L .L .
S.E., R .M .L .
M .E ., R .M .L . Air bubbles
in catheter
C lots in venous catheter
C lots in venous catheter
S.E ., R .U .L . Lung torn
accidentally
Perforation of left atrial
wall and hemorrhage
C . and I., R .U .L .
C . and I., R .U .L .
C. and E „ R .U .L .
C. and E., R .U .L .
C . and E., R .U .L .
C . and E., R .U .L .
Difficulty in cannulating
the pulmonary veins
—
M .E . o f R .M .L .
S.E. of R .M .L .
E. and C., R .M .L .
N o apparent edem a of
R .M .L .
S.E. o f R .M .L .
S.E . o f R .M .L .
Edema and congestion
M .E . of R .M .L .
N o apparent edem a
S.E. of R .U .L.
C ., R .U .L.
S.C. of R .U .L . and R .M .L .
C. and I., R .M .L .
Perforation of le ft atrial
wall
C. and M .E ., R .M .L .

R .L .L .— R ight lower lobe.

itself. In that group, the autopsy findings
were fairly characteristic. Some lobes, not
necessarily the perfused lobes, were found
to be extremely congested, of a very dark
colour and o f firm consistency. Paradoxical
ly, in eight dogs the lobes from the oppo
site lung seemed to be the most severely
affected, while the perfused lobe showed
only slight changes. Microscopically (Fig.
4 ), intravascular stasis, perivascular and
intra-alveolar hemorrhages, edema and
areas o f atelectasis were present. In some
specimens, the larger vessels contained
thrombi. Occasionally infarcts, sometimes
massive, caused the death of the animal
These changes varied from moderate to
very severe. The plasma hemoglobin levels
were above 500 mg. % in all except four
dogs.
Many factors are probably responsible
for these pulmonary complications. The
canine lung is generally considered to be
more delicate than the human lung. How-
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Fig. 4.—Photomicrograph of a canine pulmonary lobe perfused with blood.
N° tS0jlreas of vascular stasis and intra-alveolar hemorrhage (hemalum-phloxin-safran

ever, the most important elements con
tributing to the high mortality are related
to two principal factors:
1. Physiological factors associated with
the introduction of blood to the extra
corporeal circuit from the bronchial ar
teries; this tends to produce congestion of
the perfused tissues.
2. The type of perfusing fluid: this affects
the tonicity, osmolarity and physical char
acteristics of both the extracellular and
intracellular fluid compartments.5
These two factors are under investiga
tion, and preliminary studies to improve
the survival rates of the animals have
so far been very encouraging. High flowrates and the level at which the perfusion
bottle is held might also be responsible for
the increased severity of some of the com
plications. For these reasons we employ
fluid at very low flow rates and use only
gravity drainage for the venous return with
the perfusing bottle held about 27" below
the level of the heart.
Various alternatives for resolving the
problem of the bronchial circulation are
at present being studied. The evaluation

of various solutions for the perfusion of
pulmonary lobes is also being investigated
and the results of both these studies will
be the subject of a future report.
Second Group
The second group of complications are
those due to the technique itself. The main
obstacles encountered were:
1. Difficulty in the passage of the venous
catheter into the pulmonary vein. This
might be especially hard if the opening of
the vein is below the site of penetration of
the catheter into the septum. However, by
shaping the catheter to conform with the
position in which it will lie during the per
fusion— a right-angled bend in two differ
ent planes— the maneuver can be greatly
facilitated. The catheters are given the de
sired shape by inserting a thick wire into
the tip which is then bent at right angles
and immersed in warm water for five min
utes.
2. Perforation of the aorta has occurred
once and perforation of the atrial wall with
bemopericardium and hemorrhage twice.
Cardiac arrest occurred once during perfor-
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ation of the atrial septum, and the pulmon
ary vein was torn once during cannulation.
Most of these complications however
occurred during the development of the
technique; with increasing experience, they
were practically eliminated.
3. Transient cardiac arrhythmias, most of
which were probably due to the manipu
lation of the heart, occurred in four cases
but this complication can be substantially
decreased by gentle manipulation.
The opening made in the septum by the
Ross needle has caused no difficulty and
in the dogs that were sacrificed two months
or later, the opening was found to be
sealed off by fibrous tissue in all except
one animal in which a scarcely perceptible
hole was found.
As stated previously, the bronchial ar
teries bring a certain amount of blood into
the perfused lobe and it may be necessary
to occlude partially the venous line with a
screw in order to maintain the perfusing
fluid in the bottle at the same level. Theor
etically, this results in some congestion of
the perfused lobe but in practice, if the
flow rates are kept very low and the time
of perfusion does not exceed 30 to 40 min
utes, the increase in the volume of the per
fusing solution should not be enough to
cause difficulties. Another solution to this
problem would be to interrupt this collat
eral circulation by ligating or cauterizing
the bronchial vessels as they reach the
bronchus. This, if properly performed,
should not result in bronchial necrosis or
other significant complications.
When perfusion of the whole lung is to
be carried out, we have found that opening
the pericardium near the root of the pul
monary veins and passing a temporary
ligature around the veins and the venous
catheter, in such a way as to include part
of the atrial wall, will greatly facilitate the
procedure. Three dogs have been perfused
in this manner and the three succumbed to
the same pulmonary complications as those
in which a lobe only had been perfused.
Preliminary observations made so far
seem to show that a moderate increase in
the intrapulmonary pressures during the
perfusion (as by raising the inflating pres
sure of the lung with the Jefferson respira
tor to 35 to 40 cm. of water) tends to de

crease the frequency and severity of
pulmonary edema, probably by counteract
ing the hydrostatic pressure in the pulmon
ary capillaries; similar improvement ap
parently can also be obtained by occluding
the bronchus and perfusing the lobe in a
deflated state.
Su m m a ry

A method for the complete isolation of
the pulmonary circulation and the perfu
sion of a lung or a pulmonary lobe for pro
longed periods of time and with minimal
disturbance to the general physiological
processes of the body has been described
in detail. The advantages and the compli
cations of the technique have been dis
cussed.
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R esu m e
Differents groupes de chercheurs ont deja tente
de realiser une perfusion extra-corporelle des poumons, ceci principalement en vue de traiter des
cancers pulmonaires. Jusqu’a present, les tech
niques mises au point ne permettent que la per
fusion d’un poumon entier, pour de courtes durees. L a methode proposee ici permet de perfuser
pendant longtemps des lobes en place. E lle a ete
utilisee sur des chiens. Les animaux sont anesthe
sias au pentobarbital intraveineux, intubes et, si
necessaire regoivent de l’oxygene et du nrotoxyde
d’azote. Les veines femorales sont alors dissequees,
tandis qu’une thoracotomie est pratiquee. au cours
de laouelle on repere et libere completement le
lobe choisi; Tartere et la veine lobaires sont soigneusement preparees. Un catheter est introduit
dans la veine femorale, puis coulisse tout le long
de la veine cave inferieure jusque dans 1’oreillette
droite; de la, grace a une aiguille transsentale de
Ross qu’il chevauche, on le fait traverser la paroi
inter-auriculaire, l’amenant dans 1’oreillette gauche
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puis dans la veine lobaire. L’aiguille est alors
retiree. Un deuxieme catheter est insere dans
t autre veine femorale, puis pousse dans la veine
cave inferieure, 1’oreillette droite, le ventricule
droit, et finalement dans l’artere pulmonaire et la
branche lobaire choisie. L’etancbeite est assuree
soit par ballon, soit par ligature du vaisseau sur le catheter. Grace a un dispositif &
trois voies, il devient alors possible d’assurer une
circulation extra-corporeale du lobe en question et
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de le perfuser avec n’importe quelle drogue.
L’heparine est utilisee coirnne anti-coagulant. Le
pourcentage des survies a ete de 14.7%. Les causes
de mort furent, dans un premier groupe reliees a
la perfusion elle-meme et dans un deuxieme
groupe a la technique ( difficulty de penetrer dans
la veine pulmonaire, perforation de l’aorte ou de
la paroi auriculaire, arythmie cardiaque). La per
foration de la paroi inter-auriculaire a toujours tres
bien gueri chez les chiens survivants.

INVESTIGATIONS ON A PLASTIC BONDING AGENT IN VASCULAR
SURGERY*
M. KHODADADEH, M .D., H. M. ROSS, M.D., C. C. FERGUSON, M.D., F.R.C.S.[C],
F.A.C.S. and W. ZINGG, M.D., M.Sc., F.R.C.S.[C], F.A.C.S., Winnipeg, Man.

(Eastman 910)
has been used experimentally in the repair
of arteries and veins,5- 8' 10- 14~16- 18- 1!)- 22, 29
skin,2- 12- 19 intestine,19- 30- 32 bronchi,17 tra
chea,33 nerves,20 nephrotomy,28 ophthalmological surgery8 and in extremity transec
tion.25 It has been used as an adjunct to
anastomosis by suture of blood vessels26
and of the esophagus.34 Further experimen
tal applications include the treatment of
fractures,24 the sealing of the cut lung sur
face,31- 35>37 the production of pulmonary
hypertension,4 the use as a substitute of the
dura mater,1 in dermatology21 and as a
hemostatic agent.3- 7- 13- 27
The present study was undertaken to in
vestigate further the use of Eastman 910
as a bonding agent in the repair of arteries.
Special emphasis was placed on long-term
follow-up studies, on experiments compar
ing the conventional suture technique and
the bonding technique in the same ani
mals, and on an attempt to determine the
fate of the bonding agent after implanta
tion in experimental animals. Another as
pect of this work was the use of Eastman
910 to bond patches of autogenous fascia
or of Mersilene to arterial defects. It was
M e t h y l -2 - c y a n o a c b y l a t e

"From the Departments of Surgery and Pathology,
The University of Manitoba, Winnipeg, Man.
Supported by Public Health Research Grant No.
606-7-50 of the National Health Program and the
Manitoba Heart Foundation.

considered that this method, if successful,
would have a clinical application in the
treatment of stenotic areas in arteries, such
as the renal or coronary arteries.
M a t e r ia l

and

M e th ods

Seventy-one procedures were performed
on the aortas and the femoral arteries of
42 mongrel dogs, weighing 7 to 18 kg. and
anesthetized with pentobarbital, 25-30
mg./kg. The operations were carried out
under sterile conditions and the dogs were
given penicillin and streptomycin during
the immediate postoperative period. The
femoral pulses were checked daily. The
long-term survivors were housed in a dog
farm in the country.
The bonding agent was applied to the
exposed arteries directly from the poly
ethylene container, care being taken to
avoid spillage into the lumen of the vessel
and into the surrounding tissues.
1. Linear Incision
The femoral artery or aorta was
occluded by arterial clamps proximal and
distal to the site of arteriotomy, and was
denuded of adventitious tissue. A longitud
inal incision was made, 1 to 2 cm. in length.
The lumen of the artery between the
clamps was irrigated with heparin-saline
solution. The vessel was then elevated on

January 1965

PLASTIC ADHESIVE IN VASCULAR SURGERY

107

a flat surface (knife handle) in such a man
ner that the edges of the incision were
closely approximated. The vessel was
sponged dry and one or two drops of plas
tic were placed on the surface of the vessel
at the incision. A previously prepared
patch (Mersilene or autogenous fascia) was
used to cover the incision. It was held in
place by finger pressure for one to two
minutes. The clamps were then removed.
2. Transection o f the Fem oral Artery
The artery was clamped proximal and
distal to the site of transection and a poly
ethylene tube was introduced into the ves
sel through an arteriotomy. The artery was
transected around the polyethylene tube.
The two ends of the artery were closely
approximated over the tube. Two drops of
plastic were placed on the incision line and
it was wrapped with Mersilene or fascia.
The polyethylene tube was removed, the
lumen of the artery was irrigated with
heparin-saline and the site of introduction
of the tube was closed with 6-0 silk. The
occluding clamps were then removed.
3. D efect of the Arterial Wall
Defects of the arterial wall, measuring
approximately 10 mm. x 1.3 mm., were
created in three femoral arteries, which
were patched with Eastman 910, utilizing
the same technique as for the closure of
transection of the femoral artery.
4. Arteriotomy without Closure
Continuity after an arteriotomy may be
re-established during the normal healing
process without closing the arterial de
fect.11, 23 Accordingly, it was thought ne
cessary to include a small group of dogs
in which the femoral artery was incised
and nothing further was done to the artery.
The fascia and skin were closed as usual.
In the long-term survivors, arteriograms
were performed before sacrifice. Diatrizoate sodium (Hypaque) was injected through
a polyethylene tube inserted through one
femoral artery and roentgenograms were
taken (Fig. 1).

Fig. 1.—Aortogram of a dog taken six months
after closure of a longitudinal incision with ad
hesive and a Mersilene patch.
R esu lt s

The results obtained in the various
groups are summarized in Table I.
The four dogs that had an incision of
the artery without an attempt at closure
bled profusely and did not recover from
the anesthesia. In the three dogs in which
a longitudinal arteriotomy was closed with
Eastman 910 alone, a delayed hemorrhage
occurred on the second to fifth postopera
tive days.
In the 16 dogs with a patched linear
incision of the aorta, hemorrhage occurred
in two animals on the seventh and four
teenth postoperative days respectively. The
others were sacrificed after intervals of
three days to seven months. In all cases
the vessels were found to be patent.
Of the 21 dogs in which the linear in
cision in the femoral artery was closed
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R esu lts

Complications

No. o f
procedures

Hemorrhage

Linear incision without closure
of femoral artery.......................

4

4 (extensive)

Linear incision of femoral artery
closed with bonding agent
alone............................................

3

3
(2 to 5 days
after operation)

—

Linear incision of aorta closed
with bonding agent and patch
ing................................................

16

2
(7 to 14 days
after operation)

—

14 were sacrificed 3 days to 7
months postoperatively. All
vessels patent.

Linear incision of femoral artery
artery closed with patching
and bonding agent...................

21

2
(11 to 12 days
after operation)

—

19 were sacrificed 4 days to 22
months postoperatively. All
vessels patent.

Linear incision of femoral artery
closed with 6-0 silk..................

12

—

—

12 were sacrificed 4 days to 8
months postoperatively. All
vessels patent.

Transection of femoral aorta
closed with bonding agent and
wrapped with Mersilene or
fascia...........................................

12

3
(9 to 13 days
after operation)

Femoral defect closed with bond
ing agent and patching...........

3

1
( 8 days
after operation)

Technique

with plastic and patching as described, two
bled 11 and 12 days postoperatively and
the rest were sacrificed four days to 22
months postoperatively. All vessels were
patent. In 12 of these dogs an identical
incision had been made in both femoral
arteries, one side was closed with a patch
and the bonding agent as described, the
other side was closed with a continuous
suture of 6-0 silk. No postoperative bleed
ing or thrombosis occurred in this group
and the animals were sacrificed four days
to eight months after the procedure. All
vessels were patent.
Following transection of the femoral ar
tery and repair by Eastman 910 on 12
dogs, there were three instances of hemor
rhage on the ninth to thirteenth days and
one thrombosis on the fifteenth day post
operatively. The other nine animals were

Thrombus

Remarks

—

i
9 were sacrificed 28 days to 13
months postoperatively. All
(15 days
after
vessels patent.
operation)
—

2 were sacrificed 3 to
mos.
postoperatively. Both vessels
patent.

sacrificed after one to 13 months. Again
in all, the vessels were patent.
One of the three dogs with a patched
defect of the femoral artery bled eight
days postoperatively and the other two
were sacrificed three and 6V2 months re
spectively after operation. The arteries
were patent, and the patches on gross and
microscopical examination appeared to be
satisfactory.
D iscussion

In the evaluation of the results particu
lar attention was paid to the failures. Al
though the procedures were carried out
with aseptic technique, gross infection at
the operative site occurred in some of the
dogs. If the infection progressed to abscess
formation, a massive hemorrhage occurred
seven to 14 days after the operation. When
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Fig. 2.—Microscopical section of the wall of an aorta from a dog, two weeks after
operation, showing moderate inflammatory infiltration of the intima at the site of arteriotomy.
A longitudinal incision had been closed with adhesive and a Mersilene patch. (H. & E. stain
x 50.)

only local edema and redness of the skin
were present, there were no failures.
Two of the delayed hemorrhages
occurred without abscess formation. One
dog with a patch over a linear incision of
the femoral artery on the seventh postoper
ative day was involved in a fight with an
other dog, resulting in severe and fatal
bleeding. The other dog with a patch of
fascia over an incision in the aorta devel
oped a false aneurysm which ruptured on
the fourteenth day.
The high failure rate associated with
gross infection indicated that successful
bonding is unlikely in an infected field.
No definite information was obtained re
garding the fate of the bonding agent. In
contrast to other plastic materials, there
was no evidence of double refractility and
no specific tinctorial method could be
evolved. The presence of Eastman 910 is
suggested in the histological slides taken
from specimens up to four months after
the experiment. After that time it could not
be demonstrated, although the presence of
small amounts could not be excluded. The
Mersilene could easily be seen, especially
under polarizing illumination and no

change in the appearance was noticed in
the long-term survivors.
In some of the dogs sacrificed within
two weeks after the experiment, varying
minor degrees of intramural thrombus and
intimal inflammation could be found at the
operative site (Fig. 2). Two months after
the experiment the thrombus appeared to
be organized and incorporated into the
intima causing subintimal fibrosis.
In the animals sacrificed after an interval
of two months or longer, there was a great
variation in the amount of scar tissue pres
ent in the media and intima. In some speci
mens the original defect could not be iden
tified at all, while in others a separation of
the elastic fibres was evident (Figs. 3-6).
In a few instances, thickening of the ar
terial wall at the site of the scar formation
could be demonstrated. The amount of
scarring appeared to be related to the
efficacy and accuracy of the repair, rather
than to the particular technique used. No
definitive differences between Mersilene
patch and fascia patch were evident.
No definite conclusions could be drawn
from a comparison of the results obtained
in the group of dogs in which one femoral
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Fig. 3.—Femoral artery of a dog four months after operation. Only evidence of arteriotomy is loss of the internal elastic lamina at the site of incision (between arrows). Longitud
inal incision closed with adhesive and fascia patch. (Elastic stain x 50.)

Fig. 4.—Aorta of a dog seven months after operation. Well-healed scar in media and
intima. Longitudinal incision closed with adhesive and Mersilene (Verhoeff’s elastic stain
x 20.)

artery was sutured and a similar incision
on the contralateral side was closed with
bonding agent and patch. There appeared
to be a higher degree of scar formation

and tissue disorganization on the side that
was sutured (Fig. 7). The persistence
of the suture material in contrast to the
apparent disappearance of the bonding
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Fig. 5.—Aorta five months after operation. Only evidence of incision is small organized
mural thrombosis. Longitudinal incision closed with adhesive and Mersilene patch. (Verhoeff’s
elastic stain x 20.)

Fig. 6.—This aorta, five months after operation, showed the most extensive scar forma
tion in the group of aortas studied. Longitudinal incision closed with adhesive and Mersilene
patch. (Verhoeff’s elastic stain x 20.)

agent is of interest. It might suggest a In this series of experiments, longitudinal
superiority of the bonding technique over incisions and transections of arteries were
the suture technique, at least for certain performed. Villegas, Toll and Shaw38 have
applications.
shown that the stresses exerted on longi-
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Fig. 7.—Femoral artery eight months after operation following suture with 6-0 silk.
Disorganization of the media in the region o f the suture and fibrosis of intima in the region
of scar is apparent. (H. & E. stain x 20.)

tudinal incisions exceed those exerted on
transverse incisions and accordingly the re
pair of a longitudinal incision would ap
pear to be an adequate test for a method
of arterial repair.
It should be realized that the methods
used in these experiments were rather
crude. Further progress in this field will
depend on the development of the proper
instruments, such as the one proposed by
Healey et al.,15 which ensures proper ap
proximation of the two ends and prevents
spillage of Eastman 910 into the lumen of
the vessel.
Su m m a r y

A plastic adhesive material, methyl-2cyanoacrylate (Eastman 910) was used to
repair 55 arteriotomies performed upon
dogs. The arterial closures were reinforced
with either a patch of Mersilene fabric or
a patch of autogenous fascia. Control ar
terial repairs were performed on contra
lateral femoral arteries using 6-0 silk su
tures. The results indicate that satisfactory
arterial reconstruction may be obtained by
the use o f the bonding agent, except in the
presence of infection.

From the evidence obtained in this
study, suture repair of arteries seems to be
superior to that involving the use of
methyl-2-cyanoacrylate, but this result
may be altered by the development of
improved techniques in the use of the bond
ing agent.
Eastman 910 was obtained through the courtesy
of Mr. R. J. Semple, Ethicon Inc., Somerville, N.J.
The help o f Dr. H. T. G. Strawbridge in the pre
paration of the microscopical pictures is gratefully
acknowledged.
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R esu m e
Un plastique nouveau, le methy 1-2-cyanoacry
late (Eastman 910) a ete utilise experimentalement
pour la reparation de nombreux organes: arteres,
veines, peau, intestin, branches, nerfs etc. Les
auteurs se sont interesses plus particulierement a
cette substance pour la fermeture des plaies arterielles. A cette fin, ils ont utilise 42 chiens batards
pesant de 7 a 18 kg., chez qui ils ont pratique 71
arteriotomies suivies de divers precedes de repara
tion. Sous anesthesie au pentothal, on fit des in
cisions longitudinales sur la paroi aortique, des
transsections d’une des femorales et Ton crea une
perte de substance sur l’autre femorale. Les tech
niques de reparation furent soit la suture simple;
soit la suture suivie de l’application du E.K.910
comme agent d’union; soit enfin la suture renforcee par application d’une piece de fascia ou de
Mersilene maintenue en place pendant deux mi
nutes, “collee” a Taide du E.K. 910. D ’une fapon
generale, ces essais ont montre que le plastique
utilise seul ne permet qu’une occlusion temporaire, et les trois chiens ainsi traites presenterent
une hemorragie entre le second et le cinquieme
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jour post-operatoire. L ’utilisation d une piece aponevrotique “collee” au plastique donna de bons
resultats. La suture associee a l’application de
plastique fut egalement satisfaisante. Cependant,
apres suture simple, on n’observa aucune hemorrhagie. En conclusion, le E.K. 910 ne semble pas
etre tout a fait aussi sur que la suture tradition-
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nelle, mais les resultats presents tendent a montrer
que ce produit a un tres grand interet; il est pos
sible que l’avenir apporte des perfectionnements
techniques et une amelioration chimique rendant
ce materiel d’une grande utilite pratique. II faut
enfin mentionner que les resultats ont ete tres
mauvais dans les cas infectes.

EFFECT OF A MONOAMINE OXIDASE INHIBITOR ON BLOOD
AMMONIA AND GASTRIC SECRETION IN DOGS*
I. Normal Dogs
K. KOWALEW SKI, Ph.D., M.D. and W. C. MaeKENZIE, M.D., F.R.C.S.[C],

Edmonton, Alta.
S o m e o f the amino nitrogen is used by the
liver for the production of urea through a
cyclic process. If deamination by the liver
is reduced, some of the amino nitrogen
appears in the blood as ammonium ion and
not as urea.1 The inability of the liver to
detoxify endogenous ammonia is called en
dogenous ammonia intoxication.2 An extrahepatic source of ammonia results from
gastrointestinal bacterial activity.3 This
extrahepatic ammonia, carried by portal
blood, is trapped by the liver and deaminated. When the ability of the liver to me
tabolize ammonia is impaired, or when
ammonia-rich portal blood bypasses the
liver, exogenous ammonia intoxication
occurs.2
Clinical and experimental data indicate
that an intoxication syndrome with its
neurological symptoms, observed in some
liver diseases and in the conditions of
shunting of portal blood into systemic cir
culation, may be an ammonia intoxica
tion.4-8 Many years ago in 1893, such an
intoxication was observed in Pavlovs la
boratory in dogs with Eck fistulas.9 In ani
mals with portacaval anastomosis, elevated
blood ammonia was found by several au
thors,8-13 and an experimental correlation
between the blood-ammonia level and the
severity of intoxication was established.
“Surgical-Medical Research Institute, University
of Alberta, Edmonton, Alta.

It was also observed in both clinical and
experimental conditions that a portacaval
shunt is frequently followed by marked
gastric hypersecretion, associated in some
cases with peptic lesions.14-17 The logical
explanation of such hypersecretion was
that the gastric stimulant is of intestinal
origin, and, in the absence or failure of
liver detoxifying action, it affects the gas
tric mucosa. The agent most often sus
pected was ammonia.
The idea that ammonia stimulated gas
tric hypersecretion was criticized by some
authors.18' 19 It is indeed possible that some
other secretagogue, and not ammonia, is
responsible for gastric hypersecretion fol
lowing portal-venous hepatic by-pass. But,
for the purpose of the present experiment,
we will consider ammonia as a possible
stimulant of gastric secretion.
Experimental ammonia intoxication can
be prevented by a monoamine-oxidase in
hibitor and we wondered whether this in
hibitor also influences gastric hypersecre
tion, associated under certain conditions
with high levels of blood ammonia. Mono
amine oxidase is an enzyme responsible for
the oxidative deamination of amines, and
an inhibitor of the enzyme, nialamide,
blocks the formation of ammonia.20 Zuidema et al.21 found that nialamide reduced
blood ammonia in Eck-fistula dogs in
which exogenous ammonia intoxication was
produced experimentally.
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The purpose of the present study was to
induce hyperammoniemia in normal dogs
and in dogs with portacaval shunt, and to
observe the action of nialamide on both
blood ammonia and gastric secretion. If
ammonia is a gastric stimulant in dogs
when present in the blood in high concen
tration, and if nialamide does reduce blood
ammonia, one may expect that nialamide
will have some indirect action on gastric
secretion.
The present report deals with normal
dogs. A later paper will b e concerned with
dogs that have portacaval anastomosis.
M ethods

Mongrel dogs weighing 24 to 35 kg.
were used in this experiment. Heidenhain
pouches were prepared and the animals
were allowed from six to eight weeks to
recover before biochemical studies were
begun. Baseline determinations of whole
blood ammonia, blood urea nitrogen and
gastric juice were performed daily for four
days, after 24 hours fasting period in one
experiment and after feeding meat, 10
g./kg. body weight, in another.

Sampling
In all of the experiments described be
low, the dogs with Heidenhain pouches
were fasted for 16 hours. Five different ex
periments, spaced at least one week from
each other, were performed. In every case
venous blood was collected, two, four and
six hours after the beginning of infusion
or after the termination of tube feeding of
whole human blood. Simultaneously, the
pouch was emptied for gastric analysis.

Treatment
Five methods of treatment were used:
1. Intravenous infusion o f 5% glucose, 2
ml./min. for six hours.
2. Intravenous infusion of 3% of ammon
ium citrate in 5% glucose, 2 ml./min. for
six hours.
3. Nialamide, 5 mg./kg. body weight,
was given intramuscularly two hours be
fore the beginning of infusion. An identical
amount of ammonium citrate, as in Experi
ment 2, was then infused for six hours. At

the same time, intravenous nialamide in
5% glucose was infused into a vein in an
other limb. The total second dose was also
5 m g./kg. body weight. The infusion rate
was so calculated that the amounts o f fluid
(5 % glucose) infused were identical in Ex
periments 2 and 3.
4. The dogs received by gastric tube
whole human blood, 40 ml./kg. body
weight, in divided doses over a 30-minute
period.
5. Nialamide, 5 mg./kg. body weight,
was given intramuscularly 90 minutes be
fore the intragastric feeding of blood, and a
second similar dose was given 90 minutes
after the feeding ended. Blood was given
as in Experiment 4.

Biochemical Study
The total blood ammonia was studied
by microdiffusion technique.22 Recently,
Tobe23 demonstrated that it really is am
monia that is measured in the blood by this
technique. Previously, serious doubts ex
isted regarding the identity of the nature
of the volatile base, which was presumed
to be ammonia. Blood urea nitrogen (BUN)
was also determined.24
The content o f the gastric pouch,
emptied at the time of blood sampling, was
studied for volume and free hydrochloric
acid.
TABLE

I.— F a s t i n g

(h q . % ) , U

rea

N
in

and

P

Venous blood
Sample

Ammonia

After 24 hours
42
fasting (8 d o gs). (28-62)

B l o o d A m m o n ia
G a s t r ic P o u c h J u ic e
R ange)

o s t p r a n d ia l

it r o g e n (m g . % ) a n d
D ogs ( A v e r a g e a n d

BUN
8 .6
(7.1-14.2)

4 hours after
feeding m eat,
87*
25.0*
10 g ./k g . b od y
weight ( 6 d ogs). . (67-99) (13.0-35.1)
*P < 1% , fed versus fasting.

Pouch content
Vol. (ml.)
15
(4-30)

H Cl
(m Eq./l.)
22
(0-72)

104*

114*

(35-195)

(76-149)

R esults

Table I summarizes the baseline study in
fasting and meat-fed dogs. It is apparent
from this table that the feeding o f meat
results in significant elevation o f blood
ammonia and BUN, and in increased acid
ity and volume o f gastric juice collected
from the Haidenhain pouch. Intravenous
infusion of ammonia in glucose for six
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TABLE
(m g . % )

II. — B l o o d A
and

G

m m o n ia
(/iO . % ) , U r e a
a s t r i c S e c r e t i o n in D o g s . I n f u s i o n ,
f o r S ix H o u r s . S ix A n im a l s

N it r o g e n
2 m l . / m in .

Hours after the beginning of
infusion
Treatment

Sample

2

A

6

5 1 .5
1 5.5
7.1
7 5 .0

51.6
13.7
6.1
9 4.0

5 3.4
10.7
7 .5
7 6.0

B lood ammonia
3 00 .0*
B lood BUN
12.5
Gastric juice (ml.)
18.1*
Gastric HC1 (m Eq. 1.) 108.0*

352.5*
16.7
19.1*
109.0

246.6*
17.5
26.1*
113.0*

Ammonia
B lood ammonia
3 81 .0*
citrate and Blood BUN
16.4
nialamide
Gastric juice (ml.)
2 5.0 *
Gastric HC1 (m E q ./l.) 100.0*

113.3*
14.3
38.4 *
113.0*

80.4
14.3
31.0*
126.0*

Infusion of B lood ammonia
5 % glucose B lood BUN
Gastric juice (ml.)
Gastric HC1 (m E q ./l.)
Infusion of
3 % ammonia
citrate in
5 % glucose

* P < 1% , treated versus glucose-infused controls.

hours induced very significant hyperammoniemia compared with the effect of the
infusion of glucose alone, which may be
considered as the control experiment. As
sociated with this increase of blood am
monia were marked elevation of both
volume and acidity of the gastric juice.
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T A B L E III.— B l o o d A m m o n i a ( h g . % ) , U r e a N i t r o g e n
( m g . % ) a n d G a s t r i c S e c r e t i o n in D o g s a f t e r I n t r a g a s t r ic A d m in is t r a t io n o f W h o l e H u m a n B l o o d , 4 0 m l . / k g .
B o d y W e ig h t . S ix D o g s .
Hours after the administra
tion o f blood.
Treatment*

Sample

2

4

6

Intragastric
blood

Blood ammonia
B lood BUN
Gastric juice (ml.)
Ga3tric HC1 ( m E q ./l .)

60 1
14.2
68.0
143.0

57.0
27.1
63.0
148.0

54.1
33.4
3 3.0
129.0

Intragastric
blood and
nialamide

B lood ammonia
63.4
B lood BUN
14.1
Gastric juice (ml.)
74.0
G astricH C l (m E q ./l.) 133.0

72.4
25.2
4 3.0
134.0

4 6.5
3 4.0
3 5.0
110.0

*No statistical difference between two groups.

When nialamide was injected before and
during the infusion of ammonia, blood
ammonia levels were significantly reduced
in the samples taken four and six hours
after the beginning of infusion. This reduc
tion in blood ammonia was, however, not
associated with the decrease of volume or
acidity of gastric secretion (Table II).
Finally, when total human blood was fed
to normal dogs, an increase of blood am
monia and BUN was found, as compared
with control fasting values. This increase
of blood ammonia was, however, less pro
nounced than in dogs infused with am
monia, and rather comparable to the post
prandial increase (Tables I and III).
Intragastric blood was a very strong stimu
lant of gastric secretion from the Heidenhain pouch. Treatment with nialamide did
not significantly alter blood ammonia or
BUN in dogs that ingested total human
blood, nor did nialamide produce signifi
cant changes in the gastric secretion of
these dogs (Table III). Fig. 1 correlates the
values of blood ammonia and gastric secre
tion.
Com m ent

Fig. 1.—Blood ammonia and gastric secretion in
dogs during the infusion o f 5% glucose and 3% ammoni
um citrate in 5% glucose, after the ingestion o f total
blood and after treatment with nialamide.

Both methods of producing increased
blood ammonia were previously used in
Eck-fistula dogs to induce exogenous am
monia intoxication.21
In our experiment, normal dogs were
used and we did not expect to observe any
signs of intoxication. Dogs treated with in
travenous infusion of ammonia may devel
op typical coma, and this is considered due
to the reduction of the alpha ketoglutarate
level of the brain tissue. Such a coma ap
pears usually after prolonged infusion of
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ammonia.13 Our dogs demonstrated some
signs of intoxication, such as convulsive
twitching of extremities followed by a mod
erate stupor, but they did not slip into a
coma during the six-hour infusion period.
When the infusion of ammonia was associ
ated with nialamide treatment, these
neurological signs were absent. Nialamide
in the normal dogs induced a significant
decrease in the blood ammonia level.
It is also apparent that intravenous am
monia infusion was associated with in
creased gastric secretion. The reduction of
hyperammoniemia by nialamide was, how
ever, not followed by the decrease of vol
ume or acidity in the pouch content. There
is, therefore, no evidence that nialamide
affects gastric secretion under the experi
mental conditions described.
When total blood was fed to dogs, the
rise of blood ammonia and BUN was a
usual postprandial reaction of normal ani
mals to a food rich in nitrogen. The action
of nialamide was not apparent in these
dogs because the postprandial ammonia
was only moderately increased. Normal
animals were able to metabolize amino ni
trogen by natural means, and the addition
of an enzyme inhibitor did not significantly
alter the ammonium production under the
experimental conditions described. Post
prandial increase of gastric secretion ob
served in blood-fed dogs was also not
affected by nialamide.
The present experiment deals only with
normal dogs and the next stage of this
study will be performed in dogs with a
portacaval shunt, in which quite different
results may be obtained.
It is apparent that in normal dogs with
Heidenhain pouch, hyperammoniemia may
be induced by the intravenous infusion of
ammonia. In these animals nialamide can
reduce blood ammonia. Any increase of
gastric acidity which may he associated,
probably indirectly, with high blood am
monia levels, is not affected by nialamide,
even if blood ammonia is reduced by this
enzyme inhibitor. Also nialamide does not
affect gastric secretion in dogs fed total
blood.
There is no evidence, therefore, that ni
alamide lias an inhibitory action on gastric
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secretion of normal dogs with Heidenhain
pouch.
The same study will be repeated in dogs
with portacaval anastomosis and the results
reported separately.
Summary

A significant rise of blood ammonia and
gastric secretion was observed in dogs with
Heidenhain pouches during the intravenous
infusion of ammonium citrate. Nialamide, a
monoamine oxidase inhibitor, reduced
blood ammonia in these dogs, but did not
affect gastric secretion; nor did nialamide
significantly alter gastric secretion in dogs
fed total blood.
This project was supported by a Research Grant
from the University of Alberta, Medical Research
Fund. We should like to acknowledge the help
of Drs. B. Henderson and K. L. Bowes in the
preparation of the gastric pouches, and Miss A.
McLeod, Mrs. M. Foster, Mr. O. Olesky and Mr.
T. Germaine for their technical assistance.
Pfizer Co. Ltd., Montreal, P.Q., kindly supplied
nialamide (Niamid) for this experiment.
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Resu m e
On sait que le foie transforme les amines en
uree; lorsque cette fonction est reduite, une partie
de ces produits sera simplement transformee en
ammoniaque, que l’on retrouvera sous forme d’ion
dans le sang circulant. Ce phenomene est designe
sous le nom de “intoxication ammoniacale endogene”. De plus, il existe une autre source de pro
duction d’ammoniaque dans l’organisme: c’est
l’activite de la flore gastro-intestinale; normalement, la encore, le sang est desamine en arrivant
au foie par la veine porte. II ressort de diverses
donnees^ experimentales et cliniques que la pre
sence d’ammoniaque dans le sang entraine divers
troubles. Parmi ceux-ci, des troubles neurologiques
et une hypersecretion gastrique capable de creer
un ulcus; ceci pourrait expliquer l’apparition
d’ulcus peptique apres les anastomoses portocaves. Les auteurs se sont, pour cette raison, interesses aux possibility therapeutiques que pour
rait apporter le “nialamide”, qui est un inhibiteur
de la mono-amine oxydase. Des experiences furent
pratiquees sur des groupes de chiens normaux
pesant entre 24 et 35 kg. On provoqua une ammoniemie par l’etablissement de poches de Hei
denhain. On proceda aux dosages de l’ammoniaque
sanguin, de Puree sanguine et de l’acidite gas
trique. Plus tard, on etudia Faction de differentes
drogues: injection intraveineuse de glucose a 5%;
injection de citrate d’ammonium a 3%; nialamide;
sang humain, administre par un tube gastrique.
Les resultats peuvent etre resumes comme suit.
Les repas causent une importante elevation de
Pammoniaque sanguin, de meme que l’injection
d’ammoniaque intra-veineuse. Ces effets sont eonsiderablement reduits par Padministration de niala
mide. Les auteurs se proposent, dans une sdrie
ulterieure, d’etudier ces memos phenomenes
chez des chiens porteurs d’un shunt porto-cave.
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D R . K E N N E T H G E O R G E M c K E N Z IE
An Appreciation

Kenneth George McKenzie, Canada’s first
neurological surgeon and the founder of the
specialty of neurological surgery in our coun
try, died on February 11, 1964. He was a
pioneer. His contributions to neurosurgery, to
patients, to medical students, to the training
of surgeons and to neurosurgeons were vast.
The difficulties faced by an individual pioneer
ing in neurosurgery were no less vast. Today
it is unthinkable to imagine operating as he did
upon a patient suffering from a brain tumour,
without suction, electrocoagulation and the
endotracheal tube to assist the anesthetist.
Cerebral angiography had not been discovered
and ventriculography and pneumoencephal
ography were in their infancy when Kenneth
McKenzie started the Neurosurgical Division
of the Department of Surgery at the Toronto
General Hospital and the University of Tor
onto in 1923. Operations were long and mor
tality was high. In the face of these and many
other obstacles, McKenzie created a Neuro
surgical Unit in the Toronto General Hospital
which won recognition on the international
scene. McKenzie himself became a shrewd and
wise considtant and a brilliant surgeon.
He had many great personal qualities which
revealed themselves in the major decisions he
made, and supported, at intervals during his
life. His father was Dr. A. F. McKenzie, a fine
family physician. Kenneth McKenzie gradu
ated from the University of Toronto in 1914,
standing second in his class and receiving the
Silver Medal. His postgraduate training started
in the Department of Pathology. Within a few
months, on August 4, 1914, World War I
began, and on August 5, 1914, McKenzie
joined the R.A.M.C. He served in France as
a regimental medical officer and with 25 Field
Ambulance (R.A.M .C.). In 1916 he was
granted leave, returned to Canada and married
Irene Biette of Tillsonburg. His last year of
service in the R.A.M.C. was in the Middle
East. In 1917 he transferred to the R.C.A.M.C.
and joined the staff of Davisville Military Hos
pital in Toronto. At the end of World War I
in 1918 he bought a practice. In addition to
general practice he worked at the Christie
Street Hospital for veterans and served as a
demonstrator in anatomy. He was, with great
persistence, trying to persuade Clarence L.
Starr, the Professor of Surgery, to help him to
become a surgeon. He took a correspondence
course from England and then went to Eng
land to try the primary examinations of the
Royal College of Surgeons, passing in physi
ology and failing in anatomy.

Dr. Kenneth George McKenzie
(P o r tr a it by F red erick H . V a r le y , A .R .C .A ., 1952)

In 1922 he had decided to leave Toronto
and engage in general practice and surgery in
a smaller community. Incidentally, the McKen
zie treasury at this time was reduced to the
grand total of two dollars. In 1922 also, Har
vey Cushing was awarded the Charles Mickle
Fellowship by the University of Toronto. This
appointment was accompanied by an award
of $1000. McKenzie learned of the award from
the newspapers, and of the fact that Cushing
had asked Clarence Starr to send a man to
Boston to train as a neurosurgeon and to whom
he would contribute the $1000 from the
Mickle Fellowship.
McKenzie sought and was given the oppor
tunity by Clarence Starr to train with Cushing
for a year. By this time, the McKenzies had
three children. They rented their house in
Toronto and Mrs. McKenzie and the children
moved to her family home in Chatham. There
were no financial reserves.
In later years and with complete frankness
McKenzie indicated his belief that some young
surgeon on the staff of the University o f Toron
to and Toronto General Hospital, which he
himself was not, would have been the natural
selection for training in neurosurgery. The fact
was that the feeling existed that there was no
obvious need for a neurological surgeon in
Toronto. No young surgeon who was estab
lished in practice, or had good prospects, was
willing to train in a specialty such as neuro
surgery, as yet untried in Canada.
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DR. KENNETH G. McKENZIE

During the 1922-1923 year, Kenneth M c
Kenzie was the Assistant Resident in Surgery
and in charge of the Neurosurgical Service at
the Peter Bent Brigham Hospital in Boston.
His neurosurgical career had begun. Remark
able as was the opportunity to learn, by M c
Kenzie’s own account he had a bad time in his
dealings with Cushing. Cushing and McKenzie
both possessed so much independence of spirit,
and determination, that McKenzie the resident
did not handle easily Cushing the chief.
On returning to Toronto, McKenzie became
the second C. L. Starr resident in general sur
gery. As resident he operated successfully upon
his first patient with progressive paralysis of
the legs due to a benign spinal cord tumour.
“Localization and diagnosis of the tumour was
made entirely by clinical examination without
the aid of x-rays and contrast media.”
At the end of his residency year with C. L.
Starr, McKenzie was appointed to the general
surgical staff of the Toronto General Hospital
and the University of Toronto. The McKenzie
Service — neurosurgery — was born amid
difficulties requiring for their solution all the
wit, courage and endurance which McKenzie
had shown he possessed in World W ar I, and
after. “An [neurosurgical] operation was sched
uled in any one of the general surgical operat
ing rooms that happened to be free in the
afternoon. The nurses and house surgeons were
tired because they had already completed a
full day’s work. For the most part, it was their
first experience.” From this beginning in 1924,
there occurred steady development of neuro
logical surgery under McKenzie’s leadership
until his retirement in 1953, save for one peri
od of five years. During World War II, M c
Kenzie judged that as soon as doctors, includ
ing embryo neurosurgeons, were qualified to
serve the Armed Forces they should do so, and
civilian establishments should avoid expansion.
During World War II he carried again a very
heavy load of neurosurgical duties, involving
the care of patients, teaching and training.
McKenzie personally persuaded the Univer
sity of the need for a Department of Neuro
pathology. In 1921 E. A. Linell became the
first Professor of Neuropathology, with Mary
Tom as his associate. McKenzie convinced the
hospital of the need for centralized operatingroom facilities to be created for neurosurgery,
and finally plans were developed for a com
plete neurosurgical unit.
From 1924 until 1963 a keen and percep
tive intelligence, unflagging curiosity and en
thusiasm sustained in K. G. McKenzie a
distinguished and productive career in neuro
surgery and teaching. He was always particu
larly interested in the clinical and operative
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aspects of neurosurgery and in the anatomy
and pathology upon which must b e founded
the best clinical neurosurgery. M cKenzie him
self had special enthusiasm for the original
work he started in 1932 on intracranial division
of the vestibular portion of the auditory nerve
for intractable vertigo. The final results, based
on careful follow-up studies, were published
22 years later.
His writings covered a large part of neuro
surgery. Following his retirement from the
University, he carried on a meticulous clinical
and operative study of the place of psycho
surgery in mental illness at the Ontario Hos
pital, Whitby. His last address three months
before his death was delivered to a Workshop
on Neurosurgical Nursing.
Neurosurgical residents and residents in all
surgical specialties gave him their affectionate
loyalty, trying to develop his clinical acumen
and to emulate his technical virtuosity. M c
Kenzie’s ability to see and recognize the un
usual was inimitable. His neurosurgical resi
dents now serve as neurosurgical staff in uni
versities and hospitals throughout Canada and
the U.S.A. The residents in general and ortho
pedic surgery who had time with McKenzie
have proved their neurosurgical worth in their
judicious management of trauma involving the
nervous system.
K. G. McKenzie was a surgeon’s neurosur
geon. In 1936-37 he became president of the
Harvey Cushing Society and in 1948-49, presi
dent of the Society of Neurological Surgeons.
He was a member of the Canadian Neurologi
cal Society, the American Surgical Association,
the Canadian Medical Association and many
other societies. He was impatient concerning
problems of administration and committee
work. His concern was for the individual.
He was a great golfer and applied his en
quiring mind to the theories and problems of
golf. It was tremendous fun to fish with him.
K. G. McKenzie is survived by Mrs. Mc
Kenzie, his daughters Jean, Dorothy and Mar
got, and his son, Dr. Fred M cKenzie. The
courageous endurance that enabled K. G. M c
Kenzie to survive the era following W orld W ar
I, the residency with Cushing at the Peter
Bent Brigham, and the pioneering develop
ment of neurosurgery in the Toronto General
Hospital was matched by the unwavering and
unselfish faith and support of Mrs. McKenzie.
Canada will always be in debt to K. G.
McKenzie, and each of us individuals who
knew him, and worked with him, are left with
an enduring and deep feeling of loss.
“The lyfe so short, the craft so long to lerne,
Th’ assay so hard, so sharp the conquering.”
E. H . Botterell
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The R oyal College of Physicians

L aurendeau,

F er n a n d ,

M.D.

(Montreal)

1960.

a n d Surgeons o f Canada

L aw rence,

H ugh

John,

M.D.

(Toronto)

1956.
1964 FELLOWSHIP EXAMINATIONS
The following surgical candidates have suc
cessfully passed the 1964 Fellowship examina
tions:

A l l e n , M ic h a e l S t e w a r t , M .D . (Toronto)

1959.
A m ir -J a h e d , A ba sa l i K o u ro ch e , M.D. (Lau

sanne ) 1957.
A s h r a f , M ia n M o h a m m a d , M.B., B.S. (La

hore, Pakistan) 1958.
(British

Columbia) 1957.
B a r t l e t t , G l e n n S a r g e n t , M.D. (Toronto)

1958.
B a r w in sk y ,

J a r o sl a w ,

M.D.

(Manitoba)

1955.
B e a u r e g a r d , W il l ia m L io n e l , M.D.

(Mc

Gill) 1958.
Bloom berg,

M ax-L ouis ,

M .D .

(Geneva)

1952.
B o y l e , E d w a r d J a m e s , M.D., C.M.

(Mc

Gill) 1954.
B r o w n , D o n a l d A l ex a n d er , M .D . (Alberta)

1957.
C a v e , G e o r g e D e r r y , M .D . (British Colum

bia ) 1955.
C r is p in , J o h n S t o t h e r s , M.D.

(Manitoba)

1955.
D o v e r , M ark R o b e r t , M.D. (Ottawa) 1955.
D o y on , M a u r ic e , M.D. (Laval) 1960.
G e o r g e , K a l a r ic k a l P h i l i p , M.B., B.S.

(Travancore) 1956.
S t a n l e y , M.B., Ch.B.

G o l d s t e in , A l b e r t

(Edinburgh) 1958.
G rant,

Ke n n e t h

C o r n e l iu s ,

M .D .,

M.D. (Santo Tomas)

1952.
L it h e r l a n d , H en ry K n o w l e s , M.B., Ch.B.
M a , A lex , M.D. (Toronto) 1958.
M c C u l l o c h , K e it h G eo r g e , M.D.

General Surgery

M e r r if ie l d , M.D.

gan) 1956.
L i m , R ic h a r d A ng ,

(Cambridge) 1957.

DIVISION OF SURGERY

B a ir d , R o b e r t

L e m e h , C h a r le s N w a b u e z e , M.D. (Michi

C .M .

(Dalhousie) 1957.
G ray , E d w a r d J o h n , M.D. (Ottawa) 1954.
H aig , T h o m a s H a r riso n B r ia n , M.D. (Sas

katchewan) 1958.
H a l l a m , H u g h T r e v o r , M.D., C.M. (McGill)

1958.
H a n co ck , R o n a l d J o h n , M.D. (British Col

umbia) 1957.

(Mani

toba) 1957.
M o n a g h a n , E d m o n d D u p r e , M.D. (Laval)

1957.
P a w l u k , W il l ia m , M.D. (Alberta) 1954.
R h e a u l t , M a r c e l , M.D. (Montreal) 1958.
Ross, J a m e s L ed g er , M.D., C.M. (McGill)

1954.
S c h ip p e r , H irsh L e o , M.D. (Paris) 1956.
S c o t t , G er a ld W il l ia m , M.B., B.S. (Lon

don ) 1955.
S h e r r in , D a r r e l l A lex a n d er , M .D . (B ritish

Columbia) 1958.
S id lo fsk y , S a u l , M.D. (Toronto) 1958.
S t u b b s , J o h n D o e h n , M.D., C.M. (McGill)

1956.
T h o w , G eo rg e B r u c e , M.D. (Toronto) 1954.
T u r n e r , F ra nk W atso n , M .B ., C h.B . (Edin

burgh) 1959.
V arga ,

Anthony

T ib o r ,

M.D.

(Toronto)

E r n e st

C la rk ,

M.D.

(Toronto)

1958.
W er r y ,

1959.
W il k in s o n , J a m e s A l f r e d , M.D. (Toronto)

1958.
Z e m e l , R e u b e n , M.D. (Toronto) 1958.

Cardiovascular and Thoracic Surgery
B l u n d e l l , P e t e r E r n e s t , M.D. (Toronto)
1954.
C a r r o l l , Sa m u e l E d w in , M.D. (Western
Ontario) 1953.
S a c h s , H a r old J o s e p h , M.D. (Ottawa) 1954.
T r im b l e , A l a n S t e p h e n , M.D. (Toronto)
1956.
Neurosurgery
B r o w n , D avid N o r m a n , M.D.

(Manitoba)

1957.

C.M.

K a sy a pa n , M a l pa k k a m D u r a isw a m y , M.B.,

H o o p e r , G e o r g e s , M.D. (Montreal) 1959.
K a r a s e w ic h , E u g e n e G eo rg e , M.D. (Mani

R o u f c a , K a m a l E l ie , M.D. (Paris) 1957.
T u r n b u l l , I an M arr , M.D. (British C o lu m 

H in c h e y ,

E dw ard

J ohn,

M.D.,

(Queen’s) 1959.
toba) 1954.
L ansky , G e r a l d S t e p h e n , M.D. (Toronto)

1959.

B.S. (Madras) 1955.

bia) 1957.
V a r u g h e s e , G eo r g e , M.B., B.S. (C a lc u tta )

1955.
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O phthalm ology

Obstetrics unci G ynecology
B e l a n g e r , M a rc , M.D. (Laval) 1960.
B o u l a is , C la u d e , M.D. (Montreal) 1958.
B oyd , M a rk E r r o l , M.D. (Saskatchewan)

1957.
C o c h en , A l b e r t

M.D. (Toronto)

R o n a ld ,

1959.
de

M.D. (Royal U. of

Malta) 1952.
wan) 1958.

(Queen’s) 1959.
M.D. (Toronto)

H ow ard,

1958.
K a p so s , J o se p h E r n e s t , M.D. (Toronto) 1957.
K e r r , N o rm a n D o u g l a s , M.D. (Toronto)

1958.
L y n e s , F r a n c is S t e p h e n ,

M.D. (Western On

tario) 1958.
M.D. (Dalhousie)

M a c L eo d , S t e p h e n C l a ir ,

1959
M allou h ,

G eo rge

E r n est,

M .B .,

C h .B .

(Cairo) 1954.
M a n n e r s , D ouglas O a k l e y ,

M.D. (Western

Ontario) 1956.
M il l ig a n , J ohn

M.D. (Toronto)

E dw ard,

1959.
M urray,

M alcolm

E r w in ,

M .D .,

C.M.

(Queen’s) 1956.
N a p r a w a , T h a d d eu s , M .D . (Toronto) 1957.
P a p s in , F r e d e r ic k R a l p h , M .D . (Toronto)

1958.
P a t c h ell , R o b er t D un ba r,

M.D. (Toronto)

1944.
M.B., B.S. (Madras) 1953.
A r t h u r , M.D. (Western Ontario)

P e r e ir a , E t h e l ,
R o e , J ohn

1958.
R o y l e , Norm an D e r e k ,

M.B., Ch.B. (Man

chester) 1955.
S e v io u r , J a m e s F r a n c is , M .B ., C h .B .

(Ire

land) 1955.
S h a n ks , J ohn A l e x a n d e r ,

M.B., Ch.B. (Scot

land) 1948.
S h o r t , H ugh A l e x a n d e r ,

M.D. (Western On

tario) 1959.
S m it h , L eo n a rd ,

1957.
M.D.

(Toronto) 1959.
il l ia m

M.D. (Toronto)

S im p s o n ,

1956.
M.D. (Toronto) 1959.

O rthopedic Surgery

M.B., B.S. (Cal

B a n e r je e , S a m a r e n d r a n a t h ,

cutta) 1956.
B u r g e ss ,

G eo ffrey

W

M.B.,

a t k in s ,

B.S.

(Sydney) 1954.
C o l w il l ,

J oh n

Ch a r l e s,

M.D.

(Toronto)

1954.
F a ir b a n k s , C a lvin J o s e p h ,

M.D. (Alberta)

1958.
F o r b e s , D a v id B r u c e ,

M.D. (Western On

tario) 1955.
F y f e , P a t r ic k R o b e r t , M.D. (Toronto)
G r e e n , B e r n a r d L a w r e n c e , M.D.

1949.
(D al

housie) 1959.
G u im o n t , A n d r e , M.D. (Laval)
M ac L a c h l a n , R o b e r t G r a h a m ,

1960.
M.D. (W est

ern Ontario) 1957.
M c I n t y r e , D ugald I a n ,

M.D., C.M. (Queen’s)

1956.
M u r p h y , G e o r g e R o ss ,

M.D., C.M. (McGill)

1957.
O kum ura,

R ichard

T a tsu o ,

M.D.

(Mani

toba) 1955.
S ig u r d so n , J on F r e d e r ic k P a g e ,

M.D. (Mani

toba) 1959.
R a c in e , L u c , M.D. (Montreal) 1959.
S i l l e r , T h eo d o r e N ic h o l a s , M .D . (Western

Ontario) 1959.
W r ig h t , T h o m a s A r t h u r ,

M.D. (Toronto)

1956.
Otolaryngology
B e r t r a n d , R o b e r t , M.D. (Montreal) 1958.
D a y a l , V i j a y S h a n k e r , M.B., B.S. (Patna)

1959.
H a ld en by ',

D avid

Ala n ,

M.D.

(Toronto)

1959.
H oo per,

D onald

G o rd o n ,

M .D .,

C .M .

(Queen’s) 1955.
M.D. (Toronto) 1952.
M.D., C.M. (Mc

N o r m a n E d ga r ,

Gill) 1957.
M.D. (Laval) 1959.
S t e w a r t , M.D.
(British Columbia) 1959.
W in t e r , R ic h a rd W a r r e n , M.D., C.M.
(Dalhousie) 1958.
S t -P i e r r e , F ra n c o is ,

T h o m a s,

B r u n e t t e , J e a n R e a l , M.D. (Montreal)
C h is h o l m , L io n e l D o n a l d J o h n ,

M o r in , J o s e p h D o n ald ,

D y c k , F ra n k , M.D. (Saskatchewan) 1958.
G a g n e r , R a y m o n d , M.D. (Montreal) 1958.
G o m e l , V ic t o r , M.D. (Istanbul) 1958.
H a n n iw e l l , D a v id
B r u c e , M.D., C.M.

S m it h ,

B.S. (Madras) 1955.

M.D. (Saskatche

D e v in e , S t e w a r t W il l ia m ,

H a r r is , W il b u r

M.B.,

A t t a r iw a l a , G u r c h a r a n jit S in g h G .,

H u n ter, W

M a r ia , F ran k J oh n ,
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W il l ia m

D a v id

M.D. (Montreal) 1959.
M.B., B.S. (Patna) 1959.
L e B r u n , C onrad J o s e p h , M.D. (Ottawa)
1955.
M a cd o n a ld , R o b e r t E d w a r d , M .D . (Toronto)
1958.
M a l l e n , R ic h a rd W i l l i a m , M .D . (Alberta)
1959.

J o l ic o e u r , G e r m a in ,
L a l, L akhan,
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M.B., B.S.
(Mysore Medical Coll.) 1956.
R osen , G erald P h il l ip , M.D. (Toronto)
1959.
R u nd le , F rancis W il l ia m , M.D. (Toronto)
1955.
S te w a r t , I r w in F raser , M.D. (British Col
umbia) 1956.
T a rantino , L eo po ld , M.D. (Naples) 1956.
R a m , V ulla ncaia h A nan tha ,
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Urology

Beland , G il les , M.D. (Montreal) 1957.
C a plan , B arry B er tr a m , M.D. (Manitoba)

1957.

C ojocaru , N icolas , M.D. (Laval)
C onnolly , J ohn G erald , M.D.

1954.
(Toronto)
1949.
F arrow , G rant A ngus , M.D. (Toronto) 1958.
J ohnson , H ja lm ar W il fr ed , M.D. (Mani
toba) 1956.
Plastic Surgery
K atz , S ydney H arold , M.D. (Manitoba)
1957.
C larke , K e n n e t h S cott , M .D ., C.M .
K rahn , H enry P et e r , M.D. (Manitoba) 1958.
(Queen’s) 1943.
D ansereau , J acques , M.D. (Montreal) 1958. M oors , D avid E m erson , M.D., C.M.
(Queen’s) 1952.
D oray , J acques , M.D. (Montreal) 1957.
K nigh t , C harles R ussell W il l ia m , M.D. T aguchi, Yoshinori , M.D., C.M. (McGill)
(Western Ontario) 1955.
1959.

NOTICES
SYMPOSIUM ON GASTRIC SECRETION
UNIVERSITY OF ALBERTA
The second symposium presented by the
Faculty of Medicine of the University of Al
berta will be entitled “Gastric Secretion, Its
Mechanism and Control” and will be held on
September 13-15, 1965, in Edmonton, Alta.
It will be presented by 30 international au
thorities.
Further details may be obtained from The
Chairman, Gastric Secretion Symposium Com
mittee, Room C.148, University Hospital, Ed
monton, Alta.
LISTERIAN CENTENARY CELEBRATION
UNIVERSITY OF GLASGOW
On September 27-29, 1965, the University
of Glasgow in co-operation with the Royal
Infirmary, the Western Infirmary and the
Royal College of Physicians and Surgeons of
Glasgow, will celebrate the centenary of the
introduction of antiseptic surgery by Joseph
Lister, Regius Professor of Surgery in the Uni
versity.
There will be a scientific meeting on sub
jects related to Lister’s achievement, with ses
sions devoted to Wound Infections, the Bio
logical Response to Injury and Wound Heal
ing. The Lister oration will be delivered by
Professor P. B. Medawar, F.R.S.

The University of Glasgow will mark the
occasion by conferring honorary degrees on
the following persons:
F. L. P. de Gaudart d’Allaines, Professor of
Cardiovascular Surgery, University of Paris.
A. N. Bakulev, Director of the Surgical Clinic,
Moscow Medical Institute.
I. Boerema, Professor of Surgery, University of
Amsterdam.
J. E. Dunphy, Professor of Surgery, University
of California.
Sir Howard Florey, Provost of Queen’s College
and sometime Professor of Pathology, Uni
versity of Oxford.
L. P. Garrod, sometime Professor of Bacteri
ology, University of London.
Sir Charles Illingworth, formerly Regius Pro
fessor of Surgery, University of Glasgow.
F. Linder, Professor of Surgery, University of
Heidelberg.
P. B. Medawar, Director of Medical Research
Council Laboratories.
F. D. Moore, Professor of Surgery, Harvard
University.
H. R. Robertson, Principal and sometime Pro
fessor of Surgery, McGill University.
P. Sandblom, Professor of Surgery, University
of Lund.
Sir Herbert Seddon, sometime Nuffield Pro
fessor of Orthopedic Surgery, University of
Oxford.
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BOOK REVIEW S

BOOK R E V I E W S
(See also pages 9, 55, 67, 83 and 99)
NEUROSURGICAL TECHNIQUES (Revised and
Enlarged English Edition). Alfonso Asenjo. With
a Foreword by A. Earl Walker. 340 pp. Illust.
Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1963. $23.80.

This revised and enlarged edition is written
in English. It is a specialized text that deals
primarily with neurosurgical methods and
techniques in keeping with this era of “instru
mentation” of the nervous system. The book,
edited by Professor Asenjo, has 20 contribu
tors from a variety of neurological centres in
North and South America and France.
Printed on paper of superior quality it is
easy to read and is well illustrated with 301
figures, many of which are drawn by medical
illustrators.
The text is complete with history, neuro
surgical unit planning, basic physiology, anat
omy and pathology applicable to neurosurgical
problems. The chapter on neurosurgical unit
planning is interesting but extremely detailed
and somewhat utopian; nevertheless it is based
on Professor Asenjo’s personal surroundings
and experiences.
The text’s greatest value will be to the
neurosurgical and neurological trainee rather
than to the undergraduate or medical student.
MANUAL OF SURGICAL TECHNIQUE. W ar
ner F. Bowers, Thomas H. Hewlett and George
J. Thomas. 317 pp. Illust. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto,
1963. $16.75.

This book is designed to illustrate for the
reader a complete range of surgical technique.
Section one consists of 18 plates of
surgical anatomy. Section two illustrates the
basic surgical techniques of knot-tying, wound
debridement, suture technique and wound
closure, bowel anastomosis, vascular suture,
and regional anesthesia. The remainder of the
book is composed of five sections (head, neck,
thorax, abdomen and extremities).
The section on the thorax is quite adequate,
giving extensive detail of most of the common
thoracic procedures. The description of pro
cedures on the breast could be improved by
more extensive and precise illustrations. The
illustrations and descriptions of the head and
neck procedures are somewhat brief and do
not give the full details required in this diffi
cult area. The sections on the abdomen and
on the extremities are extensive, but lack pre
cise illustrations and description of the opera
tive technique.
In conclusion, this text does not offer any
thing to the learner in surgery that is not
readily obtainable in other established surgical
texts and atlases.

SURGERY O F FACIAL FRACTURES. Reed O.
Dingman and Paul Natvig. 380 pp. Illust. W . B.
Saunders Company, Philadelphia; McAinsh &
Co. Ltd., Toronto, 1964. $24.30.

This book has many excellent illustrations and
drawings of operative procedures and is a wel
come addition to the library of plastic surgeons
and others interested in the treatment of these
difficult problems. It is not intended to be a
complete review on the subject and deals with
the authors’ methods of the treatment of these
fractures.
The history of the treatment of facial frac
tures and sketches on the pioneers in the field
introduces the reader, particularly the student
and resident, to this field.
Each of the chapters is clearly and con
cisely written and the operative drawings are
a valuable adjunct for many of the procedures.
The problem of tracheotomy is covered in an
excellent chapter. T h e latest classification of
malar fractures is included to help in the un
derstanding of this injury. The treatment of
facial “smashes” by the Milton-Adams suspen
sion method with modifications is clearly de
scribed and outlined. T he chapter on repair of
residual deformities, although incomplete, is
well written and lucidly describes the treat
ment of the common complications.
The reviewer would highly recommend this
book for all surgeons interested in the prob
lem of facial fractures. It would also be a valu
able addition to medical school and hospital
libraries.
BUNNELL’S SURGERY O F TH E HAND. 4th ed.
Revised by Joseph H. Boyes. 791 pp. Illust. J.
B. Lippincott Company, Montreal, 1964. $2.9.00.

Although this edition has been completely re
written by Dr. Boyes, it follows closely the pat
tern of previous volumes and the basic prin
ciples outlined by Bunnell. W ith the inclusion
of more recent developments in surgery of the
hand, such as new tendon transfers about the
hand and wrist, pollicization, neurovascular
island transfer and, in particvdar, up-to-date
references at the end of each chapter, this
book remains the final authority on this branch
of surgery.
As in previous editions, the book is difficult
to read because of the detail in which each
subject is discussed. Cross references could be
more exact and the index could b e somewhat
more inclusive. The book is not intended for
those with but a passing interest in surgery of
the hand, but is essential for any reference
library and for those particularly interested in
the details of this field.
(Continued on page 128)
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Books

R eceived

Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.
Access and Exposure in Abdominal Surgery.
Hugh A. F. Dudley and Peter F. Jones. 148 pp.
Illust. Year Book Medical Publishers, Inc., Chi
cago, 111., 1964. $6.33.
Action Osteogenetique de la Greffe de Muqueuse
Vesicale. R. Dozinel. 118 pp. Illust. Editions
Arscia S.A., Brussels, 1964, Fr. B. 220. $4.40
(approx.).
L ’Arret Circulatoire. R. Courbier and J. Torresani. 224 pp. Illust, Masson & Cie, Paris, 1964.
35 F. $7.00 (approx.).
Atlas of Hand Surgery. Marc Iselin and his asso
ciates, Luc Gosse, Serge Boussard and Daniel
Benoist. Translated by John C. Colwill. 325 pp.
Illust. McGraw-Hill Company of Canada Limited,
Toronto, 1964. $21.15.

Vol. 8

Nouvelle Pratique Chirurgicale Illustiec. Fasci
cule X X III. Edited by Jean Quenu. 296 pp. Illust.
Editions Doin, Deren & Cie, Paris, 1964. 55 F.
$11.00 (approx.).
Obstetrics. J. M. Holmes. 256 pp. Illust. Bailliere, Tindall & Cox Ltd., London; The Mac
millan Company of Canada Limited, Toronto,
1964. $3.00.
The Obstructing Acromion. Underlying Diseases,
Clinical Development, and Surgery. Bernard Dia
mond. 212 pp. Illust. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1964.
$11.50.
On the Nature of Neoplasia in Man. D. W.
Smithers. 176 pp. Illust. E. & S. Livingstone Ltd.,
Edinburgh; The Macmillan Company of Canada,
Toronto, 1964. $4.50.
Orthopaedic Surgery. 6th ed. Sir Walter Mercer
and Robert B. Duthie. 1031 pp. Illust. Edward
Arnold (Publishers) Ltd., London; The Macmillan
Company of Canada Limited, Toronto, 1964.
$29.50.

Atlas of Technics in Surgery. 1. General and
Abdominal. 2nd ed. John L. Madden with 91 con
tributing authors. 680 pp. Illust. Appleton-CenturyCrofts, New York, 1964. $45.50 set.

Orthopaedic Surgery of the Limbs in Paraplegia.
L. S. Michaelis. 54 pp. Illust. Springer-Verlag,
Berlin, 1964. DM 1 2 .-. $3.25 (approx.).

Atlas of Technics in Surgery. 2. Thoracic and
Cardiovascular. 2nd ed. John L. Madden with 63
contributing authors. 458 pp. Illust. AppletonCentury-Crofts, New York, 1964. $45.50 set.

Physical Examination of the Surgical Patient.
3rd ed. J. Englebert Dunphy and Thomas W.
Botsford. 396 pp. Illust. W. B. Saunders Company,
Philadelphia; McAinsh & Co. Ltd., Toronto, 1964.
$9.20.

Biological Aspects of Occlusive Vascular Dis
ease. Edited by D. G. Chalmers and G. A. Gre
sham. 420 pp. Illust. Cambridge University Press,
Cambridge; The Macmillan Company of Canada
Limited, Toronto, 1964. $20.50.
The Care of the Injured. P. A. Ring. 164 pp.
Illust. E. & S. Livingstone Ltd., Edinburgh; The
Macmillan Company of Canada Limited, Toronto,
1964. $4.50.
Diagnostic Virology. G. D. Hsiung in collabora
tion with J. R. Henderson. 125 pp. Illust. McGill
University Press, Montreal, 1964. $4.50.
Early Treatment of Facial Injuries. Thomas John
Zaydon and James Barrett Brown. 258 pp. illust.
Lea & Febiger, Philadelphia; The Macmillan
Company of Canada Limited, Toronto, 1964.
$16.50.
15 Jahre Frakturbehandlung an einem Landkrankenhaus. F . B. Huber. 127 pp. Illust. Schwabe
& Co., Basel, 1964. US $3.50.
Handbook of Obstetrics & Gynecology. Ralph
C. Benson. 656 pp. Illust. Lange Medical Publi
cations, Los Altos, Calif., 1964, $5.00.
Hernia. Edited by Lloyd M. Nyhus and Henry
N. Harkins. 836 pp. Illust. J. B. Lippincott Com
pany of Canada Ltd., Montreal, 1964. $31.00.
The Laws of Bone Structure. H. M. Frost. 167
pp. Illust. Charles C Thomas, Springfield, 111.;
The Ryerson Press, Toronto, 1964. $9.00.
Medical Illustration: A Guide for the DoctorAuthor and Exhibitor. William E. Loechel. 341
pp. Illust. Charles C Thomas, Springfield, 111.; The
Ryerson Press, Toronto, 1964. $17.50.

Physiologic Principles of Surgery. 2nd ed.
Edited by Leo M. Zimmerman and Rachmiel Le
vine. 858 pp. Illust. W. B. Saunders Company,
Philadelphia; McAinsh & Co. Ltd., Toronto,
1964. $21.60.
Reoperative Surgery. Edited by Robert E. Rothenberg. 638 pp. Illust. McGraw-Hill Company of
Canada Limited, Toronto, 1964. $29.85.
La Resection-Angulation de la Hanche en Deux
Temps. Rene Charry. 540 pp. Illust. Editions Doin,
Deren & Cie, Paris, 1964. 145 F. $29.00 (approx.).
Ruptures Traumatiques des Bronches et de la
Trachee Thoracique. J. Dor, E. Forster and H. Le
Brigand. 230 pp. Illust. Editions Doin, Deren &
Cie, Paris, 1964. 54 F. $10.80 (approx.).
Septic Shock. Experimental and Clinical Studies.
Hiroshi Hayasaka and John M. Howard. 86 pp.
Charles C Thomas, Springfield, 111.; The Ryerson
Press, Toronto, 1964. $6.00.
Surgical Diseases of the Liver. Seymour I.
Schwartz. 387 pp. Illust. McGraw-Hill Book Com
pany of Canada Limited, Toronto, 1964. $19.00.
A Synopsis of Surgical Pathology. Wilfred Kark.
426 pp. Illust. John Wright & Sons Ltd., Bristol;
The Macmillan Company of Canada, Toronto,
1964. $8.00.
Textbook of Surgery. Edited by David A. Macfarlane and Lewis P. Thomas. 759 pp. Illust. E. &
S. Livingstone Ltd., Edinburgh; The Macmillan
Company of Canada Limited, Toronto, 1964.
$10.75.
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proteolytic enzymes extracted from Carica papaya

Introducing: A NEW ANTI-INFLAM M ATORY
ENZYME THAT HELPS HEAL YOUR PATIENTS
FASTER... AND COSTS YOUR PATIENTS LESS.
Papase rapidly reduces inflammation, swelling and pain associated with trau
matic injuries. Healing beginsfaster as extravasated blood and lymph are resolved
and normal circulation is restored to the affected area.
THE FIRST anti-inflammatory enzyme introduced with effectiveness and safety
proved in controlled double-blind clinical studies.*
THE MOST convenient anti-inflammatory enzyme, provides a tri-oral tablet
that may be swallowed, chewed, or given buccally.
THE MOST economical of all anti-inflammatory enzymes—50% more econom
ical than animal-derived enzymes.
DOSAGE: First day—1 tablet every two hours. Thereafter—1 tablet q.i.d. (for 5 days).
Thirty tablets is the average prescription.
*For brochure: "A Summary of Clinical and Laboratory Experience with Papase,”
write YVarner-Chilcott Laboratories, 727 King Street West, Toronto, Ontario.

W A R N ER -C H ILC O TT
TORONTO. CANADA

"Healing is a matter of time, but it is sometimes also a matter of opportunity." — Hippocrates, P R E C EP TS , Chapter I
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1IEY GROVES' SYNOPSIS O F SURGERY. 16th
ed. Edited by L. T. Cotton. 778 pp. Illust. John
Wright & Sons Ltd., Bristol; The Macmillan
Company of Canada Limited, Toronto, 1963.
$9.45.

This is the sixteenth edition of a handbook
well known to many generations of medical
students and the number of editions is an in
dication of its popularity over the years. This
new edition has been extensively revised to
bring it up to date, 16 chapters (out of 49)
having been newly written and the remainder
radically changed.
The treatment of the subject matter is syn
optic in the extreme and consequently is
very dogmatic. Many statements made are de
batable and could lead to misunderstanding of
the subject by a reader who has not read more
widely in surgery. The coverage is extensive
and includes chapters on inflammation, repair,
infections (including hospital infection), tu
mours, chemotherapy and antibiotics, in addi
tion to general surgery, neurosurgery, urology
and orthopedics and fractures, requiring 100
more pages than the previous edition. The re
viewer wonders whether the time has not
come, in producing such handbooks, to delete
subjects such as orthopedics and fractures
which are already covered in volumes of
handy size.
This little volume will be of assistance to
medical students making a last review of the
subject before the final examination, but can
not be recommended as their only reading in
surgery.

SURGERY OF
Austin Milch.
Wilkins Co.,
Eachern Ltd.,

ARTHRITIS. Edited by Robert
280 pp. Illust. The Williams &
Baltimore, Md.; Burns & MacDon Mills, Ont., 1964. $11.50.

In his preface, the editor of this small but
surprisingly complete volume has outlined the
purpose of this addition to the literature on
the treatment of arthritis. According to Dr.
Milch, the primary purpose of this volume is
to acquaint a wider circle of physicians with
the views of those who have had a particular
interest in these disorders. He further com
ments that this is essentially a surgical primer
for physicians and for those surgeons who are
not primarily concerned with the care of pa
tients with arthritis; in this particular aim the
volume has been entirely successful. By the
combined efforts of a series of undisputed ex
perts in the field, a very succinct yet complete
account of the present philosophy of the role
of surgery in the management of arthritis has
been produced. The editor is to be congratu
lated upon the degree to which he lias
achieved his primary aims. He has acquainted
those who are not familiar with the surgical
management of arthritis with the current range

Vol. 8

of available procedures, their advantages and
shortcomings and probable role in the manage
ment of joint disease. No attempt is made to
enlarge upon other facets of the problem of
arthritis, such as the basic pathology, or on the
non-operative management; this lends the text
a most commendable brevity and enables the
editor to achieve his primary purpose.
PRINCIPLES OF NEUROLOGICAL SURGERY.
Loyal Davis and Richard A. Davis. 608 pp.
Illust. W. B. Saunders Company, Philadelphia;
McAinsh & Co. Ltd., Toronto, 1963. $16.20.

This book, which has been produced under
joint authorship, contains much evidence of
the strong feeling and views of the senior
author. It is valuable and contains a great deal
of information, not only for the student but
also for the more experienced worker in neuro
surgery. There is, however, a failure to present
the material, even that which is well estab
lished and accepted, in such a manner as to
indicate the dynamic and progressive qualities
of this area of medical activity. The correla
tion between clinical material presented and
basic knowledge in neuroanatomy and neuro
physiology is not sufficiently emphasized. Some
of the valuable new diagnostic methods, such
as contrast ventriculography, are not men
tioned. Important aids in neurosurgery, such
as the use of hypothermia, receive insufficient
attention. The illustrations are occasionally too
small and the photographs are not sufficiently
clear or well labelled. The style is more or
less formal throughout and fails to excite the
reader’s imagination or to emphasize valuable
conclusions from some of the material pre
sented. The addition of classifications and
tables would have improved the reader’s abil
ity to obtain an overall grasp of the meaning
and content of the text.
This book can be used as a source of useful
and reliable information. It is too bad, how
ever, that it could not be more stimulating and
exciting, in keeping with the potentialities of
neurological surgery.
NEUROSURGICAL NURSING. Reginald Hooper.
Foreword by E. Harry Botterell. 2.31 pp. Illust.
Charles C Thomas, Springfield, 111.; The Ryerson Press. Toronto, 1964. $12.50.

This is an excellent book. It contains a great
deal of factual information; each nursing pro
cedure is treated in detail, and the descriptions
of the underlying anatomy and pathology are
comprehensive. The work is copiously illus
trated, the diagrams being very good indeed.
A welcome inclusion is the chapter on pedia
tric neurosurgery.
The book should not only be required read
ing for every neurosurgical nurse, but for
every doctor concerned with the care of the
neurosurgical patient. It will be particularly
valuable for the neurosurgeon in training.
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INTENSE O.B. ANALGESIA WITH
LIGHT ANAESTHESIA: PENTHRANE'
METHOXYFLURANE

Low concentrations are effective
in labor and childbirth
Excellent analgesia is a prime quality of
Penthrane in obstetrics. Thus Boisvert and
Hudon, studying Penthrane in 500 deliveries,
cite as an outstanding feature its high level of
analgesia under a light plane of anaesthesia.
In their study they report: “The intensity and
rapidity of onset of analgesia is remarkable,
occurring within the first two minutes of Pen
thrane inhalation. It seems evident that anaes
thesia is obtained much faster in obstetrical
cases than surgical cases. It is also obtained with
much lower—indeed minimal—concentrations.
P ersiste nt analgesia

Similarly Romagnoli and Korman, studying
645 deliveries,-’ comment on how “the analge
sic effect lingered between pains.” This is in
keeping with observations of analgesia persist
ing during the recovery period following sur
gery A4-5 The obstetrical investigators managed
labor pains with much lower amounts of Pen
thrane than are used in surgery. Vapor con
centrations of only 1% suffice for anaesthesia,
and 0.42% for analgesia. They considered
their results “most gratifying.”

Called a drug of choice in
obstetrical anaesthesia
Penthrane is a unique type of ether (a halogenated ethyl methyl ether). It is nonflamma
ble, and virtually free of delirium and vomiting

LABOR NOT IMPEDED
The studies cited confirm that at these
light dosage levels, Penthrane does not
interfere with labor.
The first group1 reported: “It cannot be
overemphasized that light Penthrane an
aesthesia does not stop or depress uterine
contraction. Actually, it often seems to
stimulate and accelerate contractions. .. ”
The other group2 commented: “The
obstetricians as well as the nursing staff
felt that labor was never arrested or even
delayed...”

Effect of Penthrane on respiration of
the newborn has been minimal. Most
infants cry within the first minute.

during induction. It permits extremely stable
cardiac function. It yields easily controlled
anaesthesia, with excellent safety margins.
Boisvert and Hudon state, “In our opinion,
it is the drug of choice in obstetrical anaesthe
sia ”1 In evidence, they cite its rapid induction,
high level of analgesia under light anaesthesia,
very low incidence of vomiting, minimal de
pression of uterine contractions, minimal res
piratory depression of the fetus, and the quiet
and rapid recovery.

Prompt induction, recovery
The obstetric patient can be induced rather
quickly, reaching a plane deep enough for use
of forceps within several minutes. Induction
is smooth and pleasant. There is no coughing
or struggling.
Unless the procedure has been long, recovery
is also short, with the mother awake on the
delivery table within several minutes. Anaes
thetic is generally discontinued when suturing
of the episiotomy begins.
Any modern ether vaporizer is suitable,
Self-administration with the Cyprane Trilene
inhaler has also been successfully used.
1. Boisvert, M ., and H udon, F ., C an. A naes. Soc. J.,
?-325 July 1962. 2. Ror "n o li. A ., and K orm an, D .,
Can. A naes. Soc. J., 9:4
"ep t., 1962. 3. K aveny R.
E.. and W asm uth, C. E., C ,. . C lin. Q t., 29:148, July,
1962. 4. Thom asen, R., e t al., A naesth. & A nalg. C.
R.. 41:225, M arch, 1962. 5. A rtu sio , J . F ., e t al.,
Anaesthesiology, 21:512, S ept., 1960.
frTRADE MARK R E G IS TE R E D

ABBOTT LABORATORIES LIMITED M o n t r e a l • Tor ont o • W i n n i p e g • V a n c o u v e r
41283
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POST-GRADUATE COURSE
in SURGERY
Designed for can d id ates for the
F.R .C .S.(C ) and
The Am erican Board of Surgery
The S u rg ic a l S t a f f o f th e R o ya l V ic to ria Hos
p ita l a re co n du ctin g th e ir 19th a n n u a l co u rse in
su rg e ry d esig n e d e s p e c ia lly fo r those w is h in g to
w rite the F .R .C .S .(C ) a n d the A m e ric a n B o a rd of
S u rg e ry e x a m in a tio n s .
This co urse co nsists o f tw o sections: the co r
resp on d ence section w ill com m ence on A p r il 12th
a n d co ntinue until Ju n e 2 1st an d w ill be com 
p rised o f selected re a d in g w ith w e e k ly w ritte n
q u estio n s.
The clin ic a l a n d d id a c tic section o f the course
w ill com m ence J u ly 26th a n d co ntinue fo r seven
w e e k s. The req u ire d m a te ria l w ill be p resented
b y sp e cialists in e ach fie ld a n d w ill include
p h y sio lo g y , a n a to m y , p a th o lo g y an d ra d io lo g y ,
in asso c ia tio n w ith g e n e ra l a n d sp e cial su rg e ry.
Fee fo r the co rre sp o n d e n ce section o f the
co urse is $ 5 0 .0 0 ; the d id a c tic p ortion $ 17 5 .0 0
a n d the co m p lete co u rse $ 2 2 5 .0 0 . E n ro lm e n t is
lim ite d . A d d re ss a p p lic a tio n s o r e n q u irie s to:

J . E . HANGER OF CANADA Limited
Head O ffice established 1861
38 Camden Street, TORONTO
Phone EM. 4-5797

The C hairm an ,
Surgical Fellow ship Course,
P ost-G radu ate Board,
Royal V icto ria Hospital,
M ontreal 2, C a n a d a .

designed for postoperative
vitamin supplementation

BEFORTE
prevents and corrects
vitamin deficiency:
• when diet must be re
stricted
• when absorption is de
fective
• when stressful condi
tions increase dietary
requirements

VITAMINS
W IT H
C

AND

B

D

Each sugar-coated tablet
contains:
Brewer's yeast
concentrate___
Vitamin B i ...........
Riboflavin...........

D O S A G E : For therapeutic
use: one or two tablets two
or three times daily. For pro
phylaxis: one or two tablets
daily.

Niacinamide........ .......... 12.5 mg.

Bottles o f 30 and 100 tablets.

Vitamin D ............ . 500 Int. Units

Pyridoxine H C I...
Vitamin B u .........
Vitamin C ............

Q U A L I T Y P H A R M A C E U T IC A L S

“:wt“ C U u £.3no46t &.Co. ,
__

MONTREAL

CANADA

Canadian-owned a n d operated • F ounded 1899
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